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SUMNARY OF
TO OCS OIL

OBJECTIVES, CONCLUSIONS AND IMPLICATIONS WITH RESPECI
AND GAS DEVELOPMENT

The objective of this project was to investigate the

reproductive ecology of the seabird  community nesting on the

Pribilof  Islands and to identify aspects of their biology sensitive

to oil  development activit ies. To this end, data on the seasonal

timing of reproduction, productivity, growth rates of young,

food habits and foraging areas were obtained. s

The Bering Sea supports the largest aggregation of breeding

seabirds  in the northern hemisphere. Nesting seabirds are

concentrated into a few very large colonies (Figure 1; Hunt et al.

1980b);  the Pribilof Islands are one of these large colonies.

The colony on St. George Island contains an estimated 2.7 million

Th

pr

of

of

birds (Hickey  and Craighead  1977), and is probably the largest

ck-billed  Murre colony in the world. St. George is also the

mary nesting area for most of the world’s population {88%)

Red-legged Kittiwakes.

The breed~’ng  season at the Pribilofs  begins with the arrival

many seabird species in April. Most species lay eggs in June

and have young by August. The period from late June throuqh  early

September is the most critical period for Pribilof  seabirds; at

this time the rigors of chick-rearing place maximum energetic

stress on nesting birds. During chick-rearing, breeding adults are

largely confined to foraging in areas near the colonies due to the

frequent feeding required by young. Several species are finished

nesting by the end of August, and by October the colonies are

virtually empty.
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Little recent information is available on the winter

distribution of seabirds  around the Pribilofs,  although early

accounts (Coues 1874, Preble and McAtee 1923) suggest that a number

of species overwinter near the islands. The l“ack of data on winter

use is a serious gap in our knowledge of the biology of Pribilof

seabirds. .

Estimates of average productivity were made”for  Northern

Fulmars  (0.3 chicks fledged/mean no. adults), Red-faced. Cormorants

(1.3 chicks fledged/nest attempt), Black-legged Kittiwakes (0.5

chicks fledged/nest attempt), Red-legged Kittiwakes (0.4 chicks

fledged/nest attempt), Common Murres (0.6 chicks fledged/egg laid)

and Thick-billed Murres  (0.6 chick fledged/egg laid) (Hunt et al.

1980c). Values found at the Pribilofs  for most species were within

the range of productivity found elsewhere in the Bering Sea, except

that productivity of Black-legged Kittiwakes at the Pribilofs was

higher, on average, than elsewhere in the Bering Sea. However,

Bering Sea Black-legged Kittiwakes in general showed depressed

productivity relative to kitt iwakes nesting in the Chukchi  Sea

(Swart.z 1966), Gulf of Alaska (Baird et al. 1979) and the North

Atlantic (Coulson  and White 1958).

Average growth rates of young were estimated for Red-faced

Cormorants (60 gin/day), Black-legged Kittiwakes  (14 gin/day),

Red-legged Kittiwakes  (12 gin/day), Common Murres (9.8 gin/day),
b

Thick-billed Murres  (11 gin/day) and Horned Puffins (11 gin/day).

At the Pribilofs, Black-1egged Kittiwake growth rates are similar

to those found in the Chukchi  Sea (Swartz 1966) and Gulf of Alaska

(Baird et al. 1979) but appeared to be lower than values from

the North Atlantic (Coulson  and White 1958).
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As a whole, the seabird community at the Pribilofs  relies

on a few prey species: juveni le  wal leye  pollock  (Theragra

chalcogramma)  are used most heavily, while amphipods (Parathemisto)

a n d  euphausi  ids (Thysanoessa)

Myctophid  fishes and calanoid

to the seabird community as a

are also of considerable importance.

copepods, although not important

whole, are a major part of the diet

of  par t icular  seabird species .

Around the Pribilofs, foraging seabirds  are concentrated

within 50 km of the islands, although a few species (e.g. Northern

Fulmar, Red-legged and Black-1egged Kittiwakes)  forage  at greater

distances from their colonies. Crucial foraging areas for Pribilof

seabirds are located at the shelf break southeast of St. G e o r g e ,

on the shelf 100 km east of St. Paul, and generally within 50 km

of the islands. The reduction of food resources, or the occurrence

of oil spills in these areas would affect a great number of birds.

The potential  for an oil  spill  to have devasting  effects

on the Pribilof  seabird community is greatest during the peak

of the breeding season, particularly if  important foraging areas

near the islands are impacted (Wiens  et al. 1979). Along with

the dangers of oil  spillage, oil  development activities near the

colonies may lower productivity through increased levels of

disturbance. Aircraft disturbance is a primary concern; our

limited experience suggests that both fixed wing aircraft and

helicopters flying over colonies may cause major losses of eggs and

y o u n g  (I{unt et al. 1978). Murres, who lay their eggs on precarious

ledges, are particularly vulnerable to disturbance. Chronic

disturbance during the nesting season could significantly lower



murre  productivity in’”affected  areas to the point where future

recruitment to the population was affected.

Some species,  by virtue of their l ife history strategies,

are more vulnerable to spilled oil and disturbance than others

(King and Sanger 1979). Fulmars  and cormorants are intermediate

in  the i r  sens i t iv i ty  to  o i l . Alcids are  par t icular ly  sens i t ive

because of the time they spend on the water and their generally

low productivity. It  is  l ikely that the gulls,  i n c l u d i n g

kittiwakes, are  re la t ive ly  insens i t ive  to  sp i l led  o i l  because

of the comparatively l i t t le t ime they spend on the water and their

higher reproductive potential .  The Red-legged Kittiwake is a

possible exception due to its restricted breeding range and low

reproductive potential .

Vulnerability of a species to oil  spills or disturbance at

the colonies is increased when a large proportion of the population

is concentrated in a small area. Several species have a large

proportion of their Bering Sea population concentrated at the

Pribilofs: Northern Fulmar, Red-1egged Kittiwake, Thick-billed

Murre an’d Parakeet Auklet. Other species with large populations

at the Pribilofs  also have large colonies elsewhere in the Bering

Sea: Black-1egged Kittiwake, Common Murre,  Crested Auklet and

Least Auklet. Horned Puffins, Tufted Puffins and Glaucous-winged

Gulls have only small  populations at the Pribilofs.  S to rm-pe t r e l s

and shearwaters occur in large numbers around the Pribilofs,  but

do not nest on the islands. Substantial numbers of storm-petrels

are dispersed along  the shelf break. Their large numbers and close

associa t ion  with the water surface make,them  vulnerable to oil .
,
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However, their dispersion over a large area makes it unlikely

that many would be affected by a single spill. Shearwaters occur

in large flocks, occasionally numbering up to a million birds.

These flocks  are concentrated shoreward of the 50 m isobath

during summer and over the shelf break in the fall. The large

concentrations of shearwaters and the time they spend on the water

make them particularly vulnerable to spilled oil. Shearwaters

nest in the southern hemisphere during our winter, spending the

summer in the Bering Sea. A spill in the Bering Sea affecting

shearwat&s  would impact ecosystems in both the northern and

southern hemispheres.
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INTRO!IUCTION

Confronted with the prospect of oil explorat on and its

associated hazards, it is necessary to study and understand the

status and natural fluctuations of populations which may be

affected. Marine birds are an integral part of ecosystems in

the Bering Sea. The seahird community of the Bering Sea is rivaled

in numbers only by those in the Antarctic.

The Pribilof  Islands lie in a rich oceanic community associated

with upwelling  at the outer front (Kinder and Schumacher 1980) and

the continental  slope. This region combines the abundant fisheries

of the southeastern Bering Sea shelf with the complex invertebrate

fauna of the shelf break and oceanic regions. The Pribilof  Islands

are known for their large populations of marine birds and mammals.

The seabird  colonies, with high species diversity and large numbers,

are among the most important in the Northern Hemisphere. In

“addition, Red-legged Kittiwakes  and Northern Fulmarsj which have

restricted breeding distributions in the Bering Sea, have large

populations at  the Pribilofs.

The goal in studying the reproductive biology of each species

of seabird  was to establish the timing of breeding, the number

of eggs laid, productivity, growth rates of young, and the timing

and reasons for reproductive failure. These factors are indicative

of the health of seabird popula t ions . Knowledge of when and why

normal stresses in the breeding cycle occur facili tates predictions

of the effects of oil spills or  o ther  per turbat ions  on  these  sys tems.

Nesting seabirds are particularly vulnerable because they are

concentrated in colonies and are dependent on foraging areas within
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a limited distance of the colonies. Fledglings are unusually

vulnerable to oil on the sea because of their inexperience in

feeding and locomotion.

Data on the foods and foraging areas used by seabirds  were

collected in order to determine in which ocean areas oil spills

would be particularly damaging to Pribilof  seabird populations.

Knowledge of the food chains on which seabirds depend is necessary

to establish the role of seabirds  in marine ecosystems, and to

predict t+e direct and indirect effects of petroleum development

on the availability of food organisms, and hence on seabird

populations.

This report summarizes the knowledge of the numbers,

distribution, reproductive biology and foods of seabirds nesting

on the Pribilof  Is lands . Many of the previous Years’ data have

been reanalyzed for this report to reflect our improved analysis 1

schemes. Hence, this final report supersedes our previous reports.
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CURRENT STATE OF KNONLEDGE

Colony  Studies

Baseline studies sponsored hy OCSEAP have helped to identify

regions of the Bering Sea that may be particularly vulnerable to

o i l  s p i l l s . Mul t i -year  colony  studies (Drury  1976, Drury  and

Steele 1977, 6iderman  and Drury 1978, Ramsdell  and Drury 1979, H u n t

1976, 1977, t{unt et al. 1978)  have provided information on average

productivity and natural fluctuations in population numbers.

The  flerj~g Sea synthesis projects (Hunt et al. 1980a, b, c)

indicate which oceanic regions and prey species are of primary

importance for seabirds, as well  as the relative importance of

different colonies in sustaining Bering Sea seabird populations.

Before 1973, information on seabirds breeding in the Bering

Sea was derived from short visits to colonies, and consisted of

narratives, brief species accounts;  and  popula t ion  es t imates . Only

the northern auklets had received extensive study (B;dard  1967,

1969a and b; Scaly 1968; Scaly and B~dard  1973). Information on

cliff-nesting species was more limited; Dick and Dick (1971)

provided considerable comparative information on seabirds  nesting

at Cape Peirce, and Fay and Cade (1959) reported on the colonies of

St. Lawrence Island.

Although the colonies at the Pribilofs  are among the largest

in Alaska, surprisingly little was known about them prior to this

study. Preble  and McAtee (1923) provided a summary of knowledge

of the Pribilof avifauna,  including fragmentary information on

numbers, timing of breeding and food habits, and the only data on

spring arrival and fall  departure dates. In more recent studies,
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Kenyon

(1969)

the is”

and Phillips (1965), Sladen  (1966) and Thompson and DeLong

provided updates on the records of unusual species visiting

ands. The work of Kenyon and Phillips (1965) gave comparative

information on the breeding biology and numbers of the two species

of kittiwakes. lleLong and Thompson (1969) have scattered data on

the numbers and phenology  of some species nesting at the Pribilofs.

In comparing estimates of current seabird populations at the Pribilofs

(Hicke\y and Craighead 1977) to earlier accounts (Kenyon  and Phillips

1965, Gabrielson  and Lincoln 1959, p. 501), it appears that the—

numbers of some species have changed. In particu”

Least Auklets and Common Murres may have declined

Kittiwakes may have increased in numbers.

Pelagic Studies

The pelagic distr

production because the

ar, Crested and

while Black-legged

bution of seabirds is relevant to OCS oil

r  a t -sea  d is t r ibut ion  wi l l  a f fec t  the i r

potent ia l  vulnerabi l i ty  to  o i l  sp i l l s .  The  re la t ionship  be tween

the distribution of marine birds in the North Pacific/Bering Sea

and the oceanographic features of these waters has been studied

in recent years. Kuroda (1960) attempted to correlate numbers

of seahirds with food availabili ty and sea surface temperature,

and Shuntov  (1972) stressed the importance of upwelling  near the

shelf break, as well as the higher productivity and larger bird

concentrations of the shelf waters. Swartz (1966) discussed bird

distribution in the Chukchi  Sea and Bering Strait  regions.

Prior to OCSEAP cruises,  knowledge of the pelagic distribution

of seabirds over the eastern Bering Sea shelf was limited. Irving

et al. (1970), Bartonek  and Gibson (1972) and klahl  (1978) reported
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on birds seen in the course of single cruises, made for other

purposes, which spent only brief periods in shelf waters.  Wahl

found a marked change in the density of birds and their species

composition as he crossed from the deep oceanic waters to over

the  shel f  break. IrI particular, storm-petrels were less common

over the shelf, while murres  and shearwaters increased in density.

2 for the oceanic watersWahl estimated a density fo 3.9 birds/km

compared to 14.9/km2  for shelf waters. These values were similar

to those-obtained by Shuntov (1972) of 2.7/km2  and 18/km2,

respect ive ly . Sanger  (1972) provided estimates of pelagic bird

density over the Bering ‘Sea shelf and oceanic basin based on

extrapolations from other ocean regions. Most recently Iverson

et al. (1979) have shown that seabird densities over the south-

eastern Bering Sea shelf are related to frontal systems. In a

series of cruises, bird densities were highest from the Outer Front

(Figure 85), at the 200 m isobath,  shoreward to the Middle Front,

at the 100 m isobath.

Oil E f f ec t s

A vast l i terature exists on the effects of oil p o l l u t i o n

on seabirds. Vermeer and Vermeer (1974) provide an annotated

bibliography. More recently Holmes and Cornshaw (1977)  have

reviewed the biological effects of petroleum on birds with

particular emphasis on physiological effects.  OCSEAP sponsored

studies have investigated the effects of oil on seabird reproduct

(Patte’n  and Patten 1977, 1978).

There are conflicting reports as to the behavior of seabirds

on

when encountering oil slicks; Curry-Lindahl  (1960) reported that
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Oldsquaw were attracted to slicks. In contrast,  Herring Gu1ls,

Black-legged Kittiwakes  and Common Murres  are reported to leave

slicks once they encounter one (Bourne  1968a). Differences in

the reaction of birds to oil  slicks affects the vulnerabili ty

of a species and the potential for population loss when oil

i s  s p i l l e d .

Other studies have concentrated on the effects of oil  spills

on populations. Milon and Bougerol  (1967, in Vermeer and Vermeer

1974) document changes in populations of seabirds on the Ile

Rouzic

a month

reduced

by 75%.

a minor

n France subsequent to the Torrey Canyon disaster. With n

the populations of Atlantic Puffins and Razorbills  were

by 88% while the population of Common Murres  was reduced

Populations of fulmars and gulls were affected to only

degree. Studies by O’Connor  (1967), Phillips (1967)

and 140nnat  (1967) report on the effect of the Torrey Canyon

spill on alcids and gannets at  other locations. The lack of

a baseline hindered the study of effects of the Torrey  Canyon

spill on seabird numbers and reproductive success.

These studies, although fragmentary, show that alcids and

sea ducks are particularly vulnerable to oil .  King and Sanger

(1979)  developed an oil vulnerability  index for marine birds

for the North Pacific and Bering Sea regions. The sensitivity

of alcids to oil pol lu t ion  i s  a  c r i t ica l  problem in  re la t ion  to

Alaskan oil recovery, as the large colonies are predominately

populated by alcids. In fall and spring, sea ducks may occur in

vast numbers,  also creating the potential  for the devastation of

populations. Wiens et al. (1979) have modeled the effects of oil
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spills under various conditions on the Pribilof seabird  colonies ,

and made predictions about the time for population recovery.

Sublethal doses of oil may affect reproduction; Patten and

Patten (1978)  found that injested oil  caused aberrent incubation

behavior in Herring Gulls, which included a failure to replace

lost eggs. Grau et al. (1977)  repor ted  tha t  in jes ted  o i l  caused

inhibition of egg-laying or altered yolk structure, while oil

transfered from the plumage of adults onto eggs greatly reduced

their vigbility  (Macko  and King 1980).

Sublethal doses of oil may also lower the viability of adults

by ruining the insulation provided by the feathers (Hartung 1967,

14cEwan  and Koelink  1973) . Since oiled birds usually stop eating

(Hartung  1967), starvation, accelerated by depletion of fat reserves

for thermoregulation,  rapid ly  fo l lows o i l ing .

... .
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METHODS

STUDY AREAS

In our studies of the reproductive biology of Pribilof

seabirds, we have focused on the two large islands, St. Paul and

St. George, which support the largest seabird colonies. The two

smaller islands which make up the Pribilof  group, Walrus and Otter

Islands, have only been briefly surveyed.

The productivity of Pribilof  seabirds was investigated by

following-the progress of nesting from hefore egg-laying to fledging

for a minimum of 100 nests for each species we studied. This goal

was largely attainable for Black-1egged Kittiwakes, Red-legged

Kit t iwakes  and Thick-bi l led  Murres, and to a lesser extent for

Red-faced Cormorants and Common Murres. For these species, we had

a number of study sites around the islands, each containing 15

to  20 nes t  s i tes  (Figures  2-3) . We were limited in our choice of

sites by a requirement for good visibility from a safe vantage

point on the cliff  top within about 50 m of the nest.  In addition,

we required sites which could be reached within a few hours. This

was a greater consideration on St. George Island where the road

system is less extensive than on St. Paul Island. Despite these

constraints on our choice of study sites,  we believe our sites

were sufficiently diverse so that no systematic bias was introduced.

For our investigation of chick growth and chick foods, we

required concentrations of nests within reach of our ladders, that

i s , within 20 feet of the cliff base. On St. Paul Island, we located

ladder-accessible sites for Black-legged Kittiwakes, Red-legged

Kittiwakes  and Red-faced Cormorants at Tsammana, for Thick-billed
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Murres and Horned Puffins at Ridge Mall and for Common Murres  at

Zapadni c l i f f s . On St.  George Island, ladder sites were located

at Tolstoi  for Red-faced Cormorants, Black-legged Kittiwakes,

R e d - 1 e g g e d  Kittiwakes  and Thick-billed Murres, and at Staraya  Artil

for Red-1egged Kittiwakes, Rlack-legged  Kittiwakes,  T h i c k - b i l l e d

Murres and Common Murres.

\!e were not able to locate more than a few nests for many

of the crevice-nesting species,  including Least,  Parakeet and

Crested Auklets,  Horned and Tufted Puffins. However, we were

able to mist-net large numbers of Least Auklets  at East Landing

beach on St. Paul and Village Beach at St. George and made

inferences about Least Auklet nesting phenology  based on the

presence of brood patches, gonadal state and the presence of food

in the gular  pouch.

To supplement

Pribilof  seabi rds ,

birds were shot at

our ’’studies of the reproductive biology of

we collected food samples. On St. Paul Island,

Southwest Point and at the base of Zapadni

cliffs, near Antone Lake, as they returned from foraging at sea.

On St. George Island, birds were collected at Staraya  Beach and at

Zapadni Bay Beach.

In order to determine the important foraging areas for Pribilof

seabirds, we surveyed the waters around the Pribilofs  from ships

and from aircraft. The cruise tracks were designed to determine

the location of major concentrations of seabirds near the Pribilofs

and to search for flight lines suggesting the existence of important

foraging areas at greater distances from the islands. In addition,

we surveyed the St. George Bas n in order to assess the seabird use
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of  th is  potent ia l  lease-sa le  area . For the most complete coverage

of our study area, we have included transects near the Pribilofs

from other investigators’ work in our analysis.  These other

transects were obtained through the NOAA data base and came chiefly

from U.S. Fish and Wildlife Service pelagic surveys as well as

those of Juan Guzman.
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PELAGIC STUDIES : ~ ~~

The pelagic distribution of seabirds around the Pribi?of

Islands vias studied on 15 shipboard cruises (Table 1).  Additionally,

data for the area around the Pribilofs  gathered by other Research

Units and available on the NOAA data base were used to supplement

our data. Figures  4-,13 i l lustrate the sampling distribution and

the number of transects in each 10° by 10° block of latitude and

longitude. A shipboard helicopter, available in 1977 and 1978,

allowed us to. further supplement our observations with aerial

surveys, which are not.subject  to inflation of density estimates

due to ship-following birds.

Table  1 . Cruises made during RU 83 to study the pelagic distribution

Year

1975
1976
1976
1977
1977
1977
1977
1978
1978

1978

1978

1978
1978
1978
1978

o f  seabirds.

Dates

20-23 Aug
2-4 June
7-12 July
7-11 July
7-11 J u l y
1-5 Aug
1-4 Aug
9-28 April
25 April-
2 May
30 April-
1 May
26 May-
12 June
18-28 June
3-10 July
10-15 Aug
22-27 Sept

Cruise No.

UC1501
uC1601
UC1602
UC1701
UCI 704
UC1702
UC1703
UC1478

UC1801

UC1808

UC1802
UC1804
UC1805
UC1803
UC1806

32

Vessel

Discoverer
Moana Wave
Moana Wave
Surveyor
he l icopter
Surveyor
he l icopter
T.G. Thompson

Surveyor

he l icopter

T.G. Thompson
T.G. Thompson
T.G. Thompson
Surveyor
Discoverer
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Sampling Technique

Seabird observations were taken almost continuously during

daylight hours when the ship was near the Pribilof  Islands. Our

observations were made from the flying bridge (eyelevel 10 m above

water for the Moana Wave and 13 m fbr the Discoverer and the— .

Survevor).  Birds were counted within 100 m zones, out to 300 m,

from the ship. Counts were made on one side of the

from dead ahead to 90° to one side. At the time of

data were transcribed onto data forms. We recorded

vessel only,

observation,

species, number,

behavior,  such as feeding, sitt ing on the water,  flying and flight

direction. At the start  and end of each transect,  t ime, ship’s

position, oceanographic and meteorological data were recorded. To

avoid inflating our estimates of seabird density, we attempted to

count ship-followers only once; for the same reason, ship personnel

were asked not to dump garbage over the side during transects.

Aerial transects were taken somewhat differently; birds were

counted within a 50 m wide zone along the path of the helicopter.

The helicopter maintained

speed,  120 kph. Pos i t ion

end of each transect; the

constant altitude, 40 m, and constant

readings were taken at the beginning and

helicopter’s computer system provided

constant position readings accurate to 1/10 nautical mile.  Data

were recorded at the time of observation onto a cassette tape and

later transcribed onto data forms.
●

Data Reduction and Analysis

We entered our data onto floppy diskettes using a Texas

Instrument 771 Intelligent Terminal and a Forms Program developed

by the Data Projects Group, Pastore Laboratory, University of
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Rhode Island (URI),  which coded our data and made them compatible

with NOCIC format. hfe sent our diskettes to URI where  the  da ta

were range checked and any discrepancies were sent back to us for

correc t ion . The data were then added to a tape containing all

previous  RU 83 cruises for the year. Copies of the tape were

forwarded to NOAA and to us.

At our request, the Data Projects Group developed a graphics

program which plotted out mean seabird density, as a graduated

symbol, within each 10° by 10° block, superimposed on a map of the

Bering Sea. They were able to produce these maps for any species

or species grouping, and for any time period.

to produce similiar  maps showing survey  effort

For our analysis of seabird disfribution~

of seabird  density maps from the Data Projects

They were also able

(Figures 4-13).

we obtained a variety

Group. Another URI

product we used was a histogram plot  of seahird density at 5 km

intervals going out from the the two large Pribilof Islands, within

a 45° region centered on each of the cardinal directions (Figure

Numbers of observations in each’5  km interval are indicated.

After inspecting the various Uf?I products showing seabird

distribution around the Pribilofs, we became interested in the

apparent  asymnetry of seabird distribution east and west of the

is lands . We designed a series of ’zones dividing the waters near

the Pribilofs  into shelf (east) and shelf break (west )  regions .

We further divided these zones into regions close to and distant

from the islands (Figure 15). Our  s ta t i s t ica l  consul tant ,  Jer ry

14).

Kaiwi , developed a program to extract observations from our data

base and classify them by zone. This program computed means and
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Zonal Analysis of the pelagic distribution of se.abirds
near the Pribilof Islands. Number of observot[ons
~er zone

‘FIGURE 15’
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standard deviations of the densities of different species in each

zone. A oneway ANOVA of seabird density across zones by each

species determined if there were any statistically significant

differences in seabird densities among the zones (Nie et al. 1975).

Densities for each zone were compared using a modified LSD procedure

(Nie et al. 1975), with ~ at 0.05 for the entire set of comparisons.

\~hen o f  i n t e r e s t , seabird densities in two zones were compared

using a t  test . ‘Zones were set at 20 km, 40 km and 60 km from

periphery of the islands, and the number of observations made -

each zone are indicated (Figure 15).

the

n
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FOODS STUDIES

Sampling Technique

Our foods samples originated from two different sources:

1) shot adult  or immature seabirds;  2) regurgitations of l ive

birds handled for other reasons, i.e., for obtaining growth rates.

We collected birds on an irregular basis throughout the summer.

Early in the nesting season, most samples came from shot birds.

Ethanol (70-80%) was injected down the throat of each bird and

into the-stomach to arrest digestion. Carcasses were occasionally

frozen for later processing. The carcasses were weighed to the

neares t  2% using a Pesola  spring balance (300 g to 5 kg capacity).

The carcasses were opened and all food from the proventriculus,

gular pouch, and stomach was removed and placed in a whirl-pak

bag in 70% ethanol. Food samples were labeled with the species,

collection date, island and sample number. Bill-loads and gular

pouch contents were kept separate from stomach samples, but were

cross-indexed when samples originated from the same bird.

Supplementa l  data frequently, but not consistently, taken on the

carcasses included sex, brood patch state,  molt,  culmen length,

flattened wing length, tarsus length, fat  condition and gonad

s i z e . Most carcasses were made into study skins or skeletons

and donated to San Diego Museum of Natural History or the Los

Angeles County Museum of Natural History.

As the nesting season progressed, we were able to obtain food

samples from the chicks of many species which regurgitated when

handled, as happened when we weighed chicks to get growth rates.
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Hence, we generally stopped shooting the following species when

chick regurgitations were available: Red-faced Cormorant, Black-

legged Kittiwake, and Red-legged Kittiwake. Alcid chicks did not

regurgitate when handled, so we continued to shoot adult murres,

puffins and auklets.

Me obtained the following number of food samples: Northern

Fulmar, 10; Red-faced Cormorant, 169; Black-legged Kittiwake,

605; Red-legged Kittiwake, 376; Common Murre,  117; Thick-billed

Murre,  233; Parakeet Auklet, 55; Crested Auklet, 20; Least Auklet,

258; Horned Puffin, 39; Tufted Puffin, 23. The samples from Least

Auklets were predominately regurgitations from adults caught in

mist-nets and released.

X@& Analysis

In the laboratory, samples were sorted, identified to the

lowest taxon possible, counted and displacement volumes were

measured after draining, or estimated visually. Prey size was

measured in eight organisms of each taxa, picked at random from

each sample, unless

which case all were

euphausiids  and shr

there were less than eight whole prey, in

measured. Copepods, cumacea, amphipods,

mp were measured from the anterior tip to

the back edge of the telson. In crabs, the width of the carapace

was meaSUred, and fish were measured from snout to the tip of

t h e  caudal  f i n . Otoliths  were measured, and identified; for some

species total fish length could be estimated from otolith  length

(Frost and Lowry in press). In estimating the number of prey taken,

we counted the number of identifiable parts (eyes, beaks, heads,

tails) and divided by the number of parts in an intact organism.

49



Voucher specimens for each species iden~ified  have been submitted

to the California Academy of Sciences, San Franciso, California.

Data Reduction and Analyses

,4s with our pelagic data, foods data were entered on a floppy

diskette using a Texas Instruments 771 Intelligent Terminal and

a forms program developed by the

of Rhode Island, which coded our

wi th  NODC format. We sent our d

Data Projects Group, University

data and made them compatible

skettes to URI, where the data

were range checked and any discrepancies were sent back to us for

c l a r i f i c a t i o n . The data were transcribed onto tapes and filed

with NOAA. b!e received computer generated tables of the diet of

each species. Three different measures of importance of a food

in the diet were calculated: percent occurrence is the percentage

of samples in which, a prey item occurs; percent volume  is calculated

by the dividing the sum of the volumes of a particular prey from all

samples by the total volume  for all samples combined, and converted

to a percentage; percent number is the number of a given prey

item divided by the total  number of pre,y Items and converted to a

percentage. Percent occurrence may total  more than 100 percent

because of the occurrence

These three measures

of more than one prey type in a sample.

provide complementary information about

seabird  diets and allow comparison of our results with those of

o ther  inves t iga tors . Percent occurrence tends to overestimate

prey with persistent hard parts. Percent volume overestimates

the importance of large prey in the diet, as well as overestimating

prey which are digested slowly. Percent number overestimates the

importance of small organisms in the diet. For much of our analysis
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we have used percent volume, which we feel gives the most accurate

picture of the relative importance of prey species in the diet.

\./e analyzed differences in the diet of seabirds  t h r o u g h o u t

different phases of the nesting cycle, between the sexes, between

adult (stomach) and chick (regurgitations) diets, and between birds

nesting on St. Paul versus St. George Island. TO determine whether

differences in diet occurred, we ranked the major prey types (5%

of the diet by vol[lme or greater) and performed a median test (Chou

1969, p. 467). The median test, which is based on a X 2 s ta t i s t ic ,

has a number of degrees of freedom equal to the number of prey types

minus one and is a conservative test. For many of our analyses, we

had only 5 prey categories rendering the test  relatively unpowerful.

The solution to this problem is to retrieve the foods data by

individual samples, rather than using a compilation, and to apply

analysis of variance to determine whether there are differences

in  d ie t . We intend to reanalyze the data using this technique,

but to date,  t ime has not permitted this analysis.
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REPRODUCTIVE BIOLOGY STUDIES

Sampling Techniques

In our studies of reproductive biology we used two basic types

of  s tudy s i tes ,  v isual  s i tes  and d is turbed s i tes . Disturbance was

due to  e i ther  purposeful  scar ing  of  b i rds  of f  the i r  eggs, as in

o[lr early studies of murres and cormorants, or because we were

c l i m b i n g  up to nests in order to weigh chicks . Although disturbed

sites allowed the exact determination of the numbers of eggs and

young and hatching dates, we were concerned about the exposure of

eggs and chicks at sites where adults were scared off their nests.

For murres,  disturbance significantly lowered productivity and

so disturbed sites were not used in determining productivity when

data from non-disturbed areas were available.

We followed the fate of individual nest-sites from the first

sign of nesting activity in late spring or early surrrner,  un t i l

the nesting attempt had clearly failed, or chicks fledged. After

1975, we used 8 x 10 inch black and white photographs of the study

sites as maps. On each, we marked the perimeter of the study area

and identified the nest-sites we were studying. At ladder  access ib le

sites, we also marked nest numbers on the cliff with paint.

At each site visit ,  we recorded time, weather conditions, the

number of birds in the study area and information on individual

nes ts . The time spent at each site varied considerably among

observers and there was a trend for visits to become longer in

succeeding years. For kittiwakes  and cormorants, the optimum time

spent at each site was around a half hour. However, this was not

the case with murres  and fulmars; a observer could spend up to 2.5
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hours at a site and still not see dnder  more than a few birds.

Me visited sites at 3 to 4 day  in terva ls  wi th  some except ions .

We (lsed 30 foot extension ladders to reach nests at  our

ladder accessible study sites. hle Weiqhed chicks to the nearest

27, using bags and Pesola  spring scales of 300 g to 5 kg capacity.

The weight of the bag and any regurgitated food was subtracted from

the gross weight of the chick. In nests with more than one chick,

or on murre ledges, we banded chicks with a numbered plastic leg

hand. In 1978, chicks were weighed only until they showed the

characteristic drop in weigtit  that precedes fledging. In previous

years,  chicks were weighed until  they flew off.  Me stopped this

method, since we were concerned about  causing premature fledging.

In cormorants, chicks were weighed only until they reached 1000

grams, also to prevent premature fledging. Chicks were weighed

approximately every 3 to 4 days, with the exception of Horned

Puffins which were weighed at weekly intervals and some Black-legged

Kittiwake  chicks on St. George Island in 1978 which were weighed

until they reached 100 grams and not again until their plumage

indicated they were near their peak weight. This was done as a

check to see whether our handling of chicks reduced their growth

ra t e s . We fOllnd  no significant difference in weights between

chicks given frequent weighings and those not handled so frequently

( t  t e s t ,  t~~ =2.04,  P > . 0 5 ) .

We also investigated patterns of adult  nest attendance

while attempting to estimate foraging time. Sites for attendance

watches were chosen so that a reasonable number of nests at which

adults could be marked were visible. Attendance watches were made
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for Black-1egged Kittiwakes,  Red-legged Kitt”

Murres and inc identa l ly  for  }{orned  P u f f i n s .

with picric  acid (yellow) or rhoda.mine-R  dye

wakes, Thick-billed

Adults were marked

( red) sprayed from

a spray qun. Observers recorded times of arrival and departure

of marked adults in addition to trade-off times and feeding of

young. Attendance watches lasted from 31 to 46 hours. In 1978,

we used a time-lapse camera (provided by G. Lapi.enne of NOAA)

at two Rlack-legged  Kittiwake nests; frames were taken every 20

seconds. - We also studied the attendance patterns and the roles

of male and female Thick-billed Murres in raising young. Several

pairs of Thick-billed Murres at Ridge Bottom and at Zapadni cliffs

on St. Paul Island were sexed by laporotomy, and foraging trip

length and parental attendance data for each sex were gathered.

Data Reduction and Analysis

Phenology

Since we visited our sites only every  3 to 4 days, our phenology

estimates contain an uncertainty of similiar  length. For these

estimates, we used eggs or young which showed a transition (laying,

hatching) between one visit  and the next.  Nesl

could not be seen at a critical visit  were not

studies unless a known date of laying or hatch

s where the contents

used for the phenology

ng allowed us to

c a l c u l a t e , or back-calculate,  the predicted date of hatching or

laying. For species which lay multiple egg clutches, we determined

laying and hatching dates only for the first egg or chick.

In presenting our findings, we used two different graphical

presenta t ions .  The f igures , “Percent of active nests with eggs

or young,” reflects the nesting status of the population, and will
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be particularly useful

b i r d s  i n  t h e  f u t u r e .

fledging” figures show

for comparisons with spot checks of the

he “Initiation of laying, hatching and

the peaks of init iation of laying, hatching

and fledging in the population. In these figures, the histograms

labeled “calculated” refer to the estimated date of laying based

on a known hatching date or vice versa. (lur phenology  t a b l e s ,

“Nean  dates of laying, hatching and fledging” assign dates and

s tandard  devia t ions  to  the  peaks i l lustrated in the “Initiation”

f igure .

Incubation periods were calculated for eggs when both the

laying and hatching dates were known. Similarly,  fledging age

and the length of time spent in the nest were calcu”

when both hatching date and fledging date were obta

Productivity

Our measures of productivity include data from

ated for chicks

ned.

a l l  s tudy s i tes .

We looked for differences in productivity between study sites using

a one-way analysis of variance,

Hence, we combined data from al”

presenta t ion; we give productiv

a whole. We used two different

but found no significant differences.

sites for our analysis and

ty estimates for each island as

subsets of our data in calculating

our productivity parameters. In calculating mean clutch size,

hatching success (chicks hatched/egg laid) and fledging success

(chicks fledged/chick hatched), we used nests for which we knew

the number of eggs, chicks or fledglings. We did not include nests

without eggs  in our estimation of mean clutch size. Ranges in our

estimates of hatching and fledging success reflect our uncertainty

about the fate of eggs which disappeared within 5 days of their

●
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estimated hatching date,

their predicted fledging

and for young which disappeared close to

time. Although the ranges  are inconvienent,

we feel they present a more accurate picture of reproductive success

than a single number. In estimating overall productivity we used

the total number of chicks fledged in a study area divided by the

total number of nesting attempts in that area. Me defined a nest

attempt as a pair holding a territory on the cliff,  or any trace

of nesting material from the current nesting season.

For some species,  assessing productivity as we have defined it

proved to be difficult,  and for this reason, slightly different

measures were used. For murres, the number of eggs within a study

area was often unknown, due to the difficulty of seeing under

s i t t i n g  murres. To avoid biasing our estimates of hatching and

fledging success, we excluded nest sites where a chick was seen,

but not the egg from which it hatched. Since many non-breeding

murres  occupy the nesting ledges  and murres do not build nests,

we were unable to accurately estimate the number of nesting attempts

in a study area. We estimated the number of breeding pairs by the

mean number of adults on the study area and divided the total number

of chicks fledged by this estimate to obtain a productivity estimate.

This estimate is conservative for two reasons. It i s  poss ib le  for

murre  chicks to go to sea before we have seen them, since they

stay on the cliffs for a minimum of 4 to 5 site visits, hence we

probably underestimate the number of chicks fledged. In addition,

there are probably fewer nesting pairs than the average number of

adults in the study area; this again causes us to underestimate

product iv i ty . The same problem arose with fulmars,  for which we

applied the same solution as with murres.
.
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Frequently, judgement  was required to determine whether a chick

had actually fledged. lMe used the following minimum criteria fOr

fledging: fulmar,  down present on the crown with only minor patches

elsewhere, and/or the tips of the folded wings extend nearly to the

t ip  of  the  ta i l ; Red-faced Cormorant, flight and contour plumage

complete with traces of down on the neck only; Black-1egged Kittiwake,

no down present except on the nape and possibly on the belly, and/or

the chick is known to be older than 35 days; Red-legged Kittiwake,

same as for Black-legged Kittiwakes except chick ii known to be

older than 30 days; murres, chicks are feathered and show white in

the cheek and throat regions, and/or chick is known to be older than

15 days. Occasionally, kittiwake chicks had not fledged by our

last check; we assumed they fledged if they had tail feathers, as

we fognd that the mortality of chicks which had attained this stage

was quite low.

Growth rates were computed for Red-faced Cormorants, Black-

legged Kittiwakes, Red-legged Kittiwakes,  Common Murres, Thick-

billed Murres, Parakeet Auklets and Horned Puffins. Kittiwake,

cormorant and puffin chicks showed a linear growth rates from shortly

after hatching until  reaching a peak weight just prior to fledging,

after which weight decreased. We determined growth rates by

subtracting the peak weight from the initial weight and dividing

by the number of days between these two observations. For

cormorants, and occasionally for kittiwakes, the last weight was

used when the chicks had not attained their peak weights. Murre

chicks at the Pribilofs show a two stage growth curve (Figure 16);

for our analysis we used the growth rates from hatching to the
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Observed growth curves for murre chicks

peak

(3 t) c
x

TIME (days) ~-

FIGURE 16
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f i r s t

4 day

case,

peak in the growth curve. Since we weighed chicks at 3 to

intervals, we sometimes missed their peak weights, in which

we approximated peak weight by using the weight marked x in

Figure 16. Fledging weight was approximated by

of a chick before fledging. Additionally, jump”

measured in serveral murre chicks caught on the

the last weight

ng weights were

water irfnnediately

after jumping from the cliffs.

Productivity and growth rates for species were compared among

years and between the two islands using a two-way ANOVA and a

mutliple  classification analysis to obtain the amount of variation

explained by the analysis and the main effects, island and year

(Nie et al. 1975). Years were compared using an LSD procedure (Nie

et al .  1975). Nhen significant interaction was present, years were

analyzed for each island. In comparing 3 years at a given island,

the two years with similiar  productivity or growth rates were compared

using a t  test . If no significant differences were found, then the

two similiar  years were combined and tested against the third using

a  t  t e s t .
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PROCELLARIDAE

Species in the family Procellaridae are su r f ace - f eede r s

or pursuit-plungers,  using only  the upper portion of the water

column for foraging (Ashmole  197?,  Airtley  and Sanger 1979) .

The Procellariids  range farther from their colonies to obtain

food than the diving seabirds. Long flight ranges and slow chick

growth rates have evolved in this family as adaptations to patchily

distributed food (Boersma  and Wheelwright 1979). The center of

distribution is in the southern hemisphere; the Northern Fulmar

is the only representative of the family breeding in the Bering

Sea. Short-tailed (Puffinus tenuirostris)  and Sooty Shearwaters

(P_. griseus) , which breed on islands off Australia, New Zealand,

and South America, spend the austral winter over the Bering

Sea. The biomass of the shearwaters in the Bering Sea during

the northern summer warrants their consideration as the most

important seabird species in the area (Sanger  and Baird 1977).

N o r t h e r n  Fulmar  (Fulmarus  glacialis)

Numbers

Northern Fulmars  occur throughout the northern regions

of the North Atlantic and Pacific Oceans. In the Bering Sea,

they nest at St. Matthew and the Pribilof  Islands. The colonies

on the Pribilofs  contain an estimated 70,700 fulmars  (Hickey

and Craighead  1977), amounting to about 5% of the population

in the eastern Bering Sea (Appendix 1).

Pelagic  Pistrihution

The pelagic distribution of Northern Fulmars  around the

Pribilof Islands is given in Fiqures17-19.  We have  presented
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aerial and shipboard surveys separately since shipboard surveys

tend to overestimate fulmar density due to the propensity of

fulmars  to join ships (Hunt et al. 1980c).  Aerial  s u r v e y s  s h o w

that fulmars normally occur at  low densities;  high densities

recorded on aerial surveys were always generated by large flocks

associated with fishing vessels. Although ship surveys produce

inflated density estimates, the patterns of pelagic distribution are

similar for both ship and aerial surveys. These patterns are most

readily seen in the shipboard surveys, due to the larger data base.

Information on the seasonal distribution of fulmars,

particularly in early spring, has been gathered on PROBES cruises

and will be presented in detail in future PROBES reports. Fulmars

enter the Bering Sea in March and April with light phase birds

predominat ing  a t  f i r s t . Numbers increase throughout the summer

with peak densities in July and August, when dark phase birds

are most common. Numbers decrease rapidly in fall.

Fulmar  concentrations are greatest near the shelf break;

relatively few are seen over shelf waters less than 100 m in

depth, except in the immediate vicinity of the Pribilofs. North

of the Pribilofs,  over the shelf, fulmars were  s ighted  less

frequently and many transects recorded no fulmars at all. The

concentration of fulmars along the shelf break may reflect the

distribution of prey populations on which fulmars depend, or the

dis t r ibut ion  of  the  f i sh ing  f lee ts .  S ince  fulmars take  la rge

amounts of offal from vessels,  they may restrict their searching

for food to those areas where they have a high probability of

encountering fishing vessels.
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Prih

cone

Fulmar distribution in relation to their colonies on the

lofs are shown in Figure 20. These histograms reinforce the

I]sion that fulmars  are concentrated near the shelf break and

are relatively scarce over shallow, shelf waters. In teres t ingly ,

there is no indication of an increase in density approaching the

colonies at St.  George and St.  Paul. The implication is that

foraging fulmars quickly leave the vicinity of the colonies and

spend the major portion of their time near the shelf break. We

analyzed the pelagic distribution of fulmars by zones around

the islands (Figure 21), and found that densities were low near

St. Paul Island while they ”were high near St. George Island,

par t icu lar ly  on the southern side of the island nearest to the

shelf break. Densities away from the islands were low over the

shelf and high over the shelf break. The differences in mean

density were statistically significant (Modified LSD Procedure,

P < .05) .

Light and dark phase fulmars  appear to have different patterns

of distribution (Figure 22). Light phase birds predominated near

the Pribilofs, par t icular ly  near  St . George, while dark phase birds

predominated at the shelf break. However, light phase fulmars

are more common relative to dark phase fulmars north of the Pribilofs

than they are in the vicinity of the shelf break. These results

suggest an increase in the proportion of dark birds in the study

area since the surveys made by Shuntov  (1972) in the 1960’s. The

dark phase fulmars are coming from colonies in or southeast of

the Aleutian Islands, or represent non-breeding birds, since the

fulmar colonies on the Pribilofs  are over 99% light phase (Hickey

and Craighead  1977).
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Diet

N o r t h e r n  F(]lmars have the potential to forage  far from their

colonies. In the North Atlantic, Fisher (1952) found nesting

fulmars  foraging 1200 miles from the nearest colony. In the

Pering  Sea, fulmars  are widely distributed, but the greatest

concentrations are found along  the shelf break. At the Prihilofs,

fulmars  forage near the shelf break, which is 100 km from the

colonies.

Fu~mars obtain their food at or near the sea surface. hle

m a d e  little effort to collect this species because of their

dependence on offal in the North Atlantic (Fisher 1952). The

few birds we collected showed a variety of naturally occurring

prey (Figure 23). Fur ther  s tudy of  fulmar diet in the Bering

Sea i s

only 5

*

o t h e r

needed; our data represent only 10 individuals, of which

are from the Pribilofs.

though fulmars  used cephalopods more extensively than

pecies  s tudied , they also used a considerable amount of

w a l l e y e  pollock  (Theragra  chalcogramma)  (Figure  23) .  The pollock

may have been caught by fulmars or scavenged from fishing operations.

The pelagic distribution of fulmars coincides with an area in

which one might expect large numbers of pollock,  based on fishing

e f f o r t . L!c are left  without a qood idea of the natural diet  of

fulmars because there is no way of distinguishing food obtained in

conjl}nction  with fishing operations and that obtained independent

of man.
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Habitat

F\llmars nest  on  c l i f fs  in  associa t ion  wi th  o ther  cliff-nestinq

seahirds,  such as murres  and kittiwakes. On fox-f ree  i s lands ,

f~llmars generall~’  nest on the upper,  vegetated slopes of cliffs,

while on islands with mammalian predators, fulmars nest on nearly

vertical portions in small caves or on bedrock ledges. At the

Pribilofs,  Inost fulmars  nest a t  e levat ions  grea ter  than  61  m.

St .  George Island has a large number of  h igh  c l i f f s  and th is

may explain their abundance on St. George relative to St. Paul

Island.

Phenolog.y

Our phenology  estimates for fulmars are not as accurate as

for other species. Fulmars  build no nest and rarely moved off their

nest site,  hence, nesting fulmars  were  v i r tua l ly  indis t inguishable

from th~ numerous non-breeding birds on the cliffs.

Fulmars  arrive at the Pribilofs in March or April  (Preble

and McAtee 1923), although arrival dates appear to be quite

var iable . Fulmars  were not present on the islands when we arrived

in May 1976 and none were seen until 26 May. However, egg-laying

was well underway in 1977 when we arrived in late May. Fulmars

lay a single egg and incubate it for an average of 48 days (Hatch

1979). Temporary desertion of eggs, apparently due to lack

available food, was a

the  Semidi  Is lands  in

has not been observed

a better food situat

common occurrence in fulmars  nesting on

1976 (Hatch 1977). The fact that egg neglect

in the Pribilof  population may indicate

on. Out- earliest observations of chicks
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,.
were in late July. Hatching continued into

August. Young fulmars remain at the nest s

days  (Mougin  1967, Hatch 1979).  Fledging nl

the second week of

te for a mean of 53

rmally began around

18 September, although we observed instances of fledging as

early as 5 September. Once fledged, the young are independent.

Daily  Activity Patterns

Hatch (1979) found large seasonal variation in colony attendance

o f  fulmars a t

Prihilofs,  co’

begun (Hickey

c l i f f s  r o se  ri

found between

the Semidi Islands in the Gulf of Alaska. At the

ony attendance was regular once incubation had

and Craighead  1977). Numbers of fulmars on the

pidly  in the morning and maximum numbers could  be

1000 and 1900 hours (Hickey  and Craighead 1977).

Me did not investigate patterns of nest attendance. Hatch (1979)

found incubation shifts of 3.5 to 7.5 days at the Semiclis.

Productivity

Table 2 shows fulmar productivity at the Pribilofs.  A minimum

value of reproductive success for population maintenance was

estimated to be about 0.16 young fledged per nest (Hatch, pers.

Comm.). Ry th is  es t imate , fulmars on the Pribilofs  probably

produce more than enough young to maintain their population.

The figures for the Pt-ibilofs  represent a minimum estimate of

reproductive output, since an unknown number of adults were

undoubtable non-breeding birds. The index “young fledged/mean

number of adults in the study area” was used to estimate “young

fledged/nest” since the actual number of nests was unknown.

Product iv i ty  of  fulmars at the Pribilofs  averaged 0 .28

(young fledqed/mean  number adults in the study area) between
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1976 ~nd 1978 (Table 2)0 The larger fulmar colony on St. George

appeared to he more productive than the smaller colony on St. Paul.

Finally, although the Pribilof  fulmar population is comprised

of l ight phase birds, most fulmars  on the southeastern Bering

Sea are dark phase, the predominant color in the Aleutian Islands

and G[llf of Alaska. If,  as Fisher (1952) suggests,  nesting fulmars

have a foraging range of 2400 miles, then fulmars nesting in the

Aleutians and Gulf of Alaska may be coming to the St. George Basin

to forage. This would explain the occurrence of the long incubation

shifts, low growth rates and egg neglect observed by Hatch (1977)

in the Semidi  fulmar population during 1976, features which

are ahsent in the Pribilof popula t ion .

TABLE 2 $

Reproductive success of Northern Fulmars  at the Prihilof  Islands,

1976-1978
ST GEORGE

ST PAUL ISLAND ISLAND OVERALL

1976  1977  1978 1977 1978

MINIMUM NO. EGGS 14 22 21 46 42

MINIMU~l  NO. CHICKS 13 20 17 38 40

MINIMUM !40. FLEDGED 10 15 15 37 38

CHICKS FLEllGED/ 0 . 1 5  0 . 3 0  0 . 2 7 0 . 3 4  0 . 2 9 0.27
MEAN NO. ADULTS
1!4 STUDY AREA
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Shearwaters  (Puffinus SP.)

Numbers

S h o r t - t a i l e d  (FJ. tenirostris)  and Sooty  Shearwaters  (~. griseus)

both occur in the Bering Sea, with Short-tailed Shearwaters greatly

predominating. Since these species are often difficult  to

distinguish in the field, many field investigators did not attempt

to separate them and data for both species are combined for this

account. Both  species nest in the southern hemisphere during the

austral  sumner and parts of their populations spend the southern

winter in the Bering Sea. Shuntov  (1972) estimated about 8.7

m i l l i o n  shearwaters occur in the Bering Sea in sunnner. Sanger and

Baird (1977) estimated a total of 10 million.

estimate used, the Short-tailed Shearwater is

Regardless of the

the most abundant

bird species in the Bering Sea from June through September.

T h e  most” striking feature of shearwater d is t r ibut ion  i s  i t s

patchy nature and the frequent occurrence of flocks  of tremendous

s i z e . !~hen foraging, the birds in these flocks churn the sea

surface as they make shallow plunge-dives; at other times, they

rest on the surface in densely packed flocks that may extend

for many kilometers.

Shearwaters  are most common over the continental shelf waters,

particularly along and inside the 50 m isobath  (Figure 24). Only

moderate numbers were encount~red  along the shelf break. Shearwaters

were rare over waters deeper than 2000 m.

Although shearwaters were generally not present in high

concentrations near the Pribilofs, occasionally large flocks were

encountered. Zonal analys is  of  shearwater  d i s t r i b u t i o n  around
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Distribution of Shearwaters by zones
near the Pribilof  Islands, 1975-1979

A N O V A  a c r o s s  all zones, F7,2131 =3.078,  P=0.0031
Homogeneous subsets by modified LSD Procedure, (2 =0.05

Subset 1 Zones 3,4,1 ,6,7,5,8
Subset 2 Zone 2

*rounded to whole numbers

FIGURE 25

the islands (Figure 25) showed low densities near the islands and

no si gni ficant difference between zones, except that zone 2$
where

large flocks were encountered once in 1975, had higher mean values.

Diet

We obtained no data on the diet of shearwaters. Information

on shearwater diet for the Bering Sea has been synthesized by Hunt

e t  a l .  (1980a).
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HYDROBATIDAE

The s torm-petre ls  are  small, pelagic seabirds  that feed on

small crustaceans or zooplankton  at the sea surface. This family

nests in polar and temperate areas of the Pacific from Antarctica

north to the Aleutian Islands. Two species are known to breed

in the Gulf of Alaska: the Fork-tailed Storm-Petrel (Oceanodroma

furcata) and Leach’s Storm-Petrel (~. leucorhoa).  The nor thern

limit of the known breeding range for this family in the Pacific is

the Aleutian Islands; as yet there is no evidence that storm-petrels

nest in the Bering Sea. Like the Procellariids,  the storm-petrels

have long incubation and nestling periods and have the potential

to forage long distances from their colonies. It is not known why

storm-petrels do not breed in the Bering Sea; Boersma and Wheelwright

(1979) speculate that short nights and the frequent occurrence

of storms in the southern Bering Sea may restrict their foraging

and the abili ty of this nocturnal species to visit  their colonies.

Fork- ta i led  Storm-Petre l  (Oceanodroma  furcata)

Fork-tailed Storm-Petrels breed on the Kommanctorskie  and

Aleutian Islands, at the southern border of the t3ering  Sea.

Hunt et al. (1980c)  estimate 4 million storm-petrels forage over

the eastern Bering Sea, predominately Fork-tailed Storm-Petrels.

Leach’s Storm-Petrels are relatively uncommon in the Bering Sea

and hence

Hunt et a’

censuses.

will  not be covered in this report. The estimates of

. (1980c)  are based on aerial and shipboard pelagic
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Pelagic Distribution

The pelagic distribution of Fork-tailed Storm-Petrels around

the Pribilofs  in summer is given in Figure  26. Although shipboard

surveys of this species may produce elevated density estimates

relative to aerial surveys because ~torm-petrels  are attracted

to ships, we could find no consistent differences in our data

between the two survey methods. Hence, we have combined aerial

and ship surveys in our analysis. Since Leach’s Storm-Petrels

are rare in the study area, Figure 26 and the following discussion

applies almost exclusively to the Fork-tailed Storm-Petrel.

Storm-petrels do not appear in the study area from September

through May. Fork-tailed Storm-Petrels apparently invade the

Bering Sea rapidly in June and depart just as rapidly in late

August.

During the summer months, the pelag

tailed Storm-Petrels is centered between

c  d is t r ibut ion  of  Fork-

the 100 and 2000 m

isobaths. They apparently avoid the waters of the middle shelf

domain (Figure 85; Hunt et  al. 1980c).  Relatively few are seen

in shallower waters. Storm-petrels were encountered as solitary

individuals or in small flocks, usually in transit ,  or in large

flocks resting on the water.

Examination of histograms of storm-petrel distribution

around the Pribilofs  provided little information of value. Zonal

analysis showed that storm-petrel s,were rare near the islands,

particularly on the north side (Figure 27).  The differences

in mean density between zones were not statistically significant

(Modified LSD, P > 0.05).
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. 9flO 
8±1 

Distribution  of Storm Petrels by zones
near the Pribilof  Islands 1975 -1979 {X *S)

A NOVA across all zones, FT,2154=  3.718, P= O.0005
Homogeneous subset by modified LSD Procedure, a=O.05

Subset 1 Zones 2,1,3,4,5,7,6,8

FIGURE 27
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Diet

Fork-tailed Storm-Petrels forage by dipping and seizing

prey w$ile  sitt ing on the water’s surface. In the southeastern

Rering  Sea, they concentrate their foraging seaward of the 100 m

isobath,  and are seldom seen north of 57”N. One stomach sample

of this species was taken during  this stllriy;  the  sample  cons is ted

ent i re ly  of squid . Preble  and McAtee (1923) sampled another

petrel at the Pribilofs a n d  found t r a c e s  of f i s h . Clearly we

need more data on the diet  of this species in the Bering Sea.

Our observations of their ship-following tendencies suggest that

they may take offal as well. Ainley and Sanger  (1979) reviewed”

the literat~lre  for this species in the eastern North Pacific

and added  euphausiids  to the items already mentioned.
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PHALACROCORACIDAE

Three  species of this family of diving  seabirds  breed  in

the Fering  Sea: Pelagic, Double-crested and Red-faced Cormorants.

The Red-faced Cormorant is the most numerous and is endemic to the

Gulf of Alaska and southern regions of the Bering Sea. The Pelagic

Cormorant has the wiriest distribution, reaching into the Chukchi

Sea anti south to the Channel Islands in California. Double-crested

Cormorants in the eastern Bering  Sea are confined to Bristol Ray.

Cormorants make up a small portion of the large, multispecies

colonies, They are numerous in coastal waters and bays and are

rarely seen more than a few kilometers from land. Unlike the

Procellariids  and the Alcids,  they lay se~eral  eggs and have a

correspondingly high reproductive potential.

Pelagic Cormorant (Phalacrocorax

Numbers

Pelagic Cormorants occur in

yelagicus)

coastal waters throughout the

Pacific, including the Bering Sea. There are an estimated 48,000

Pelagic Cormorants in the eastern Bering Sea (Appendix 1). Pelagic

Cormorants do not nest on the Pribilof  Islands, although they have

been sighted there irregularly, and there are reports of nesting

early in century (Preble and McAtee 1923) .

Pelaqic Dis t r ibut ion

This species was not observed during our pelagic surveys

near the Pribilof  Is lands .
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13iet

No samples of Pelagic Cormorant diet were obta ined  by OCSFAP

investigators working in the Bering Sea. Preble and McAtee (1923)

collected 21 Pelagic Cormorants at the Prihilof  Islands during

winter. Based on that sample, 74 percent of the diet was fish and

26 percent was crustaceans. Of the fish, Cotticls  were the most

frequently taken. Shrimp were found in 86 percent of the stomachs.

~!!hen compared to the diet of the Red-faced Cormorant, there

appears to he some difference in the species of Cottids  taken by

the two cormorants at the Prihilofs (Preble and McAtee 1923), but

without quantitative data i t  is  impossible to assess the importance

of these differences.

Fish and shrimp were the principal components of the diet of

Pelagic Cormorants at Cape Thompson, based on two samples (Swartz

1966). In general, the findings from the Pribilofs  and Cape

Thompson agree with the summary of the foods of Pelagic Cormorants

provided  by Ainley and Sanger  (1979).

Red-faced Cormorant (Phalacrocorax  urile)

Numbers

The distribution of Red-faced Cormorants is centered in the

Aleutian Islands and extends into the Gulf of Alaska (Gabrielson

and Lincoln 1959). They nest on the Aleutian and Pribilof  Islands

and  along  the shore of Bristol Flay (Sowls et al.  1978). Like

other cormorants, their distribution is typified by numerous

small colonies. The eastern Bering Sea popul~tion  of Red-faced

Cormorants is estimated at 41,000 (Appendix 1).

colonies at the Pribilofs  are among the largest

The cormorant

in the Bering
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Sea, and account for about 18 percent of the population in the

eastern Bering Sea.

Pelagic Distribution

The pelagic distribution of

Pribilofs  is shown in Figure 28.

produced similar results so both

analysiS.

Red-faced Cormorants remain

Red-faced Cormorants around the

Aerial and shipboard surveys

methods were combined in this

near the Pribilof  Islands throughout “ ‘

the year~~hen  open water is available.
Me have few reports of

this species away from the islands,
e x c e p t  i n  f a l l  w h e n  c o r m o r a n t s

may have been migrating from northern waters.
As expected, we

found s imi lar  d is t r ibut ion  pa t terns  for  th is  species  In spring,

summer and fa l l .

The pelagic distribution of Red-faced Cormorants is centered

around the Pribilof Islands. Most cormorants are found within

1 to 2 km and rarely out to 5 km from the islands; cormorants

were not encountered in water deeper than 100 m.

Diet

Red-faced Cormorants obtain their food by diving, captilring

fish and crustaceans near the bottom. Cormorants usually forage

in the immediate vicinity of their colonies or roosts,  a result

of their need to leave the water for frequent periods to dry

thei r  fea thers  (Rijke 1 9 6 8 ) .

Figure 29 summarizes the diet of Red-faced Cormorants at the

Pribilofs  between 1975 and 1978. Their primary source of food

was fish, and of the remains identified, Cottids were taken

most frequently. A wide variety of large decapods were taken, J
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including shrimp and crabs. Preble and McAtee (1923) found in

5 stomachs collected at the Prihilofs, that 58 percent of the

diet was fish, while shrimp were the most prevalent invertebrates.

All indications are that Red-faced Cormorants forage near the

sea bottom, close to land, and probably have little effect on

the marine ecosystems of the !lerirtg  Sea as a whole.

Within the diet of Red-faced Cormorants, we found significant

differences between the diets of adults (stomach samples) and of

y o u n g  (rcxjurgitations)  ( M e d i a n  t e s t  Xz = 6.~, P < 0.025).  Cottids

were overrepresented in the diet of young, while adults subsisted

on a larger ~ercentage  of invertebrates, mostly crabs. Belopol’skii

(1957) and Hunt (1970, 1972) have suggested that invertebrates are

nutrit ionally inferior to fish for the purposes of raising young.

“kQJul
Habitat

Red-faced Cormorants nest in scattered pairs or small groups

among other cliff-nesting seabirds. At the Pribilofs, they show

a preference for the lower sections of cliffs and are rarely

seen above 122 m (Hickey  and Craighead  1977). It is common for

Red-faced Cormorants to change the location of their nests from

year to year. We found that many cormorant sites occupied in

1975 were abandoned in 1976 and new areas were colonized.

Phenolog.y

Cormorants are year-around residents of the Pribilof  Islands.

They are also among the earliest seabirds to begin nesting. Only in

1977 and 1978 did we arrive at the island early enough to document

egg-laying and even then we missed the first eggs. Egg-1aying
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begins in early May, with the peak of laying occurring in mid-May

(Tables 3 and 4). Incubation lasts an average of 31 ~ 5 days

(n = 5). The peak of hatching occurs in late June (Figure 30).

Chicks remain in the nest for an average of 59 ~ 5 days and

fledge in late August (Figures 31 and 32). Cormorants on St. Paul

Island consistently showed earlier phenology  than cormorants nesting

on St. George Island (Tables 3 and 4).

Daily  Activity Patterns

T h e - n u m b e r s  of R e d - f a c e d  C o r m o r a n t s  o n  the cliffs’are  q u i t e

variable throughout the season and throughout the day (HickSy and

Craighead  1977). Since this species is present in comparativ~ly

small  numbers, their patterns of colony attendance were not

inves t iga ted .
. .

.
Product iv i ty

Productivity in Red-faced Cormorants did not differ

significantly between islands despite the greater potential  for

competition on St. George Island. Since there seemed to be

substantial  variation in productivity from one year to the next,

our analysis of island differences also had to take yearly variation

into consideration. tie analyzed productivity using a two-way

analysis of variance to segregate the effects of islands and

years on productivity and also to determine the degree to which

island differences depend on years. Productivity in Red-faced

Cormorants was largely independent of both island and year effects

( r2 = 0.13,  P  > 0 . 5 ) . Reproductive success in cormorants averaged

1.25 chicks fledged per nest (Table 5). Average  c lu tch  s ize

was 2.84 eggs per nest, with a range of 1 to 4 eggs (Table 5).
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T A B L E  3

Phenology of Red-faced Cormorants on St. Paul Island, 1975-1978

FIRST EGG OBESERVED

CLUTCH INITIATION~~
(lust egg of clutch)
N=

FIRST CHICK OBSERVED

HATCHING~~  S
(lst chick of brood)
N=

s

FIRST FLEDGING OBSERVED

FLEDGING ~~ S
N=

*  f i r s t  observat ion  da te
** missed late fledgings

1975 1976

22 June* 25 June*

-----.- 13M~2

7

23 June 5 July

-- - -- -- 13Jn~2

7

25 August 24 August

21A + 5** 1s+9
50 – 50 –

1977

21 May

30M+8—

22

21 June

1J133

11

19 August

25A+5
29 –

1978

5 May

19M~ll

45

7 June

19Jrt~5

7

5 August

22A~8
32
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lABLE 5

Reproducti  ve’&iology  of Red-faced Cormorants at the Pribilof Islands, 1975-1978

X CLUTCH

N=

HATCHING SUCCESS
(chicks hatched/
egg laid)

REPRODUCTIVE
w* SUCCESS

(chicks fledged/
incubated nest)

PRODUCTIVITY
(chicks fledged/
nest attempt)

N=

ST. PAUL ISLAND
1975

3.00

33

0.38-
0.44

1.31-
1.38

1.20-
1.24

‘w’

CHICK GROWTH RATE 61.8 +
(grams/day) 10.7

N= 8

1976

2.89

19

0.25-
0.40

1.52

1.46

82

60.2 +
14.7

17

1977

2.75

41

0.45

1.27

1.20

54

61.7 +
8.1–

4

.,

ST. GEORGE ISLAND
1978 “1976

2.62 3.00

42 10

0.51 “o. 57

1.09 1.60

1.00 1.45

90 11

72.0 +
2.8–

48.5 +
13.7

8 11

1977

2.83

51

0.59

1.39

1023

27

59.8 +
6.9–

14” . .

1978

2.78

18

0.64

1.62

1.25

53

56.1 ~
5.1
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Losses of eggs and chicks were primarily due to desertion by the

parents; the callses of abandonment dre not known. Gull predation,

an important cause of mortality in other Alaskan cormorant colonies

‘ is negligible on the Pribilof Is lands . Other causes of mortality

include fox predation and hunting by Aleuts. Death of young in

the nest was encountered with some frequency, hut the causes are

unknown.

Cormorant chicks on St. Paul consistently showed higher

growth rates than cormorant chicks on St. George Island (Table 5).

b.fe applied  the same analysis of variance procedure to growth

rates as was applied to productivity. The analysis was significant

( rz =  0.51~ P < 0 . 0 0 5 ) . !-lowever,”the  difference between mean

growth rates on the two islands depended on the years (significant

interaction component, P = 0.05)0 Hence, we analyzed yearly

differences for each island separately. On St.  Paul Island, growth

rates averaged 63.8 gin/day (T test, 1976 to 1977, P > 0.5), except

for 1978 when rates were significantly higher (T test, 1976 and

1977 combined, compared to 1978, P < 0.005). On St. George Island,

growth rates averaged 53.5 gin/day for 1976 and 1978 (T test, 1976

compared with 1978, P = 0.5), but growth rates were significantly

higher in 1977 (T test, 1976 and 1978 combined compared with 1977,

.01 < P < .005). In 1977, St. George growth rates rivaled those

from St. Paul (T test, St. Paul 1977 compared with St. George

1977, P = 0 . 2 ) . The fact that the highest growth rates for

cormorants on the two islands camein different years suggests

that pop~~lations  of this species on the two islands  a r e  b e h a v i n g

independently.
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LARIDAE

Eight species of Larids  nest in the eastern Bering Sea; these

are the Herring, Mew, Glaucous and Glaucous-winged Gulls, the

131ack-legged  and Red-1egged Kittiwakes,  and the Arctic and AlelJtian, .

Terns. Only the two kittiwakes  and the Glaucous-winged Gull nest

at the Prihilofs, hence only these species will  be discussed in this

repor t .

ified  by the members

p~edators,  or coastal

Two types of feeding strategies are exemp’

of the Laridae: the gulls are scavengers, egg

foragers; while the pelagic kitt iwakes feed at

,oceanic  waters. The Black-legged Kittiwake  is

the surface of

the most numerous

Larid in the Bering Sea, while the large gulls comprise only a

small percentage of large seabird colonies. Although the status

of Bering Sea populations of the large gulls  is unknown, we may

expect their populations to increase as waste food from man becomes

more available with continued coastal development.

Glaucous-winged Gull (Larus glaucescens)

~lu~bers

Glaucous-winged Gulls nest throughout the North Pacific, from

Washington State north to Nunivak  Island in the Bering  Sea (Gabrielson

and Lincoln 1959). The populations of Glaucous-winged Gulls in the

eastern Bering Sea is estimated at 84,000 birds (Appendix 1). A

few hundred,  most ly  imnature  gulls, are present at the Pribilofs

throughout the summer. Two to four pairs were found  nesting on

Shag Rock in 1977 and 1978, 500 m east of Garden Cove, St. George

Island, and one pair was seen nesting on a low cliff ledge at the

west end of St. Paul Island in 1976.
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Pelagic Distribution

Ne d id  not  inves t iga te  the  pe lag ic  d i s t r i b u t i o n  of Glaucous-

winged  Gu1ls around the Pribilofs since they occurred in such low

numbers. In general, they were concentrated near the islands

or around ships in the area.

Diet

We made no effort to investigate. the diet of Glaucous-winged

Culls at the Pribilofs;  however they were frequently seen foraging

in the dumps, at the’fur  seal killing fields and in the fur seal

rookeries on St. Paul and St. George Islands. Ide refer the reader

to Patten and Patten (1977) for a discussion of the diet of Glaucous-

winged Gulls.

Black-1egged Kittiwake  (Rissa tridactyla)

Numbers

The Black-1egged Kittiwake  occurs throughout the northern

o c e a n s . In the Bering Sea, their breeding colonies are widespread:

the largest of these is located at Cape Peirce (Sowls et al .  1978).

The Prihilof  Islands support as estimated 108,000 Black-1egged

Kittiwakes  (Hickey  and Craighead  1977). This amounts to

approximately 12 per cent of the estimated population in the

eastern Bering Sea (Appendix 1). The Black-1egged Kittiwake

colonies at  the Pribilofs are probably insignificant in terms of

world numbers, although they may be important in sustaining Bering

Sea numbers (Hunt et al. 1980b).

Pelagic  Dis t r ibut ion

The pelagic distribution of Black-legged Kittiwakes  is

presented in Figure 33. This analysis combines the results of
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ship and aerial surveys since the two methods produced similar

r e s u l t s . Ye have inclur!ed  unidentified kittiwakes  under Black-1egged

Kittiwakes,  although near the Pribilofs, where observers familiar

with the two species did most surveys, very few kittiwakes  were

not identified to species.

ILJe fol]nd l i t t l e  v a r i a t i o n  i n  R

or densities between spring, summer

season.s, this species was generally

ack-legged  Kittiwake  d i s t r i b u t i o n

and fall . In  a l l  three

found

with  occ~ional  large flocks  associa ted  w

G e n e r a l l y ,  131ack-legged Kittiwakes  were w

in low concentrations,

th  f i sh ing  vesse ls .

dely dispersed over the

area surveyed. Small flocks frequently formed around local

concentrations of food, but quickly dispersed as food was depleted.

Black- legged Kittiwakes  are the major catalysts for the formation

of mixed species feeding flocks in Alaskan waters (Miens et al.

1978). In our’ study area there appeared to be a trend toward

higher densities of Black-legged kittiwakes over waters from 100

to 2000 m, particularly in spring and summer, although we are

not certain why this occurs.

Histograms of Black-legged Kittiwake  densities around the

Pribilofs  show virtually no increase in density close to the

islands (Figure 34). Density increases near the shelf break, but

is consistently low in all  other areas. Examination of Black-

legged  Kittiwake  densities by zonal analysis also shows consistently

low densities (Figure 35).

Diet

Except for their occasional participation in feeding flocks,

Black-1egged Kittiwakes  generally forage in low densities. Kittiwakes

are restricted to foraging within about 0.5 m of the surface.
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Distribuflon  of Black -leqged Klttiwakes by zones
near the Prlbllof Islands, 1975-1979 (its)”

ANOVA across all zones, F7,2150= 3.120, P=0.0029
Homogeneous subsets by modified LSD Procedure, Q=O.05

Subset 1 Zones 5,7}8,3 ,6,2,1
Subset 2 Zones 3,6,2,1,4

*rounded to whole numbers

FIGURE 35
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Figure 36 summarizes the major components of the Black-legged

Kittiwake  diet at the Pribilofs  between 1975 and 1978. Fish were

by far the most important food source, and walleye pollock  was

the predominant fish in the diet. Capi?lin (Mallotus  villosus)

and myctophiris  were also taken, but less frequently than pollock.

Preble  and McAt,ee (1923) collected only 3 Black-1egged Kittiwake

stomachs at the Prihilofs and one at St. ~rlatthew Island, and

provide few data of value.

Therp was a marked seasonal variation in Black-legged

Kittiwake  diet at the Pribilofs  ( M e d i a n  T e s t  x’ = 8.94, P < 0.05).

The diet showed a heavy dependence on invertebrates early in the

breeding season, b u t  s,witched to  f i sh  la ter  (Figure  37) .  In  June ,

hefore eggs were laid, amphiports  (Parathemisto)  a n d  euphausiids

(Thysanoessa)  were’ ”the  primaryfood source for Black-legged

Kittiwakes. In July, once incubation had begun, walleye pollock

was the primary food source, with myctophids and euphausiicls

contributing to a lesser degree. In August and September, when

most food samples were obtained as regurgitations from chicks,

walleye pollock  and capelin  predominated.

One explanation for the shift  from invertebrates to fish is

that kittiwakes  may preferentially feed their young on fish,

which are thought to be nutritionally

for raising young (Belopol  ’skii 1957,

explanation is that the diet  reflects

of prey types in the foraging areas.

tha t  Black-leqged  ~ittiwake  f o r a g e

la te  in  the  breeding  season.  Init
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SEASONAL VARIATION IN BLACK-LEGGED KITTIWAKE  DIET - “/. OF DIET BY VOLUME

MONTH
FOOD TYPE

ALL INvERTEBRATES
Nereids
Cephalopods
Amphipods

pffrolhemisfo Iibeilufo

Euphausiids
ThYsonoesso inermis

Cololws

ALL FISH
Molfofus vilfosus -

Myctophlds
Therogra  chofco9rammQ

Cottids
Ammodytes  hexopterus
Trichodon trichodon

vOLUME OF FOOD
NUMBER OF SAMPLES

YEARLY VARIATION IN
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1
1
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1 I I

1 b
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1
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FOOD TYPE

ALL INVERTEBRATES
Nereids
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AmDhiDods

~o~oihenv’sto  iih?~hio
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CalOnus

ALL FISH
IVOIIOIUS viffosus

Myclaphids
Therogro  cholcogrommo
Cottids
~modytes hexoptefus
pollochius  vkens
Trichon  trichodon

BLACK-LEGGED KITTIWAKE  DIET - O/. OF DIET BY VOLUME

voLUME OF FOOD
NUMBER OF SAMPLES

1975 1976

1’1

. . . .

1977 1978

~L

. 1-
1 I 1 1

1 I I 1 1 f 1 1

“to 50 100 50 100 50 100 50 100
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forage near the shelf break, feeding

a s  myctophids  and t h e  euphausiids  T.—

In Aljg[jst  and September, the oceanic

on oceanic species such

inermis and T. longipes.—

species are replaced by

shelf species such as walleye PO’

that long foraging trips are avo

of chick rearing.

The size of walleye pollock

lock  and ~. raschii,  s u g g e s t i n g

ded due to the time constraints

taken by Black-1egged Kittiwakes

changes throughout the breeding season (Figure 38).  In July, fish

13 - 18 cm in length  were common in the food samples and were

probably year old fish (Cooney  et al. 1978),  although smaller

fish seemed to be taken preferentially. In ’August and September,

the small fish predominated in the diet. These fish belonged to

the current year class, which had now attained a length  of 6 - 8
,.

cm. The shift  to yonger  and smal ler  f i sh  probably  ref lec ts  the

increased availability of young pollock  in August and September.

It is not known why pollock  and other fish were not used

more extensively in June; it is possible that they were not

ava i lab le . A n  a l t e r n a t i v e  e x p l a n a t i o n  i s  t h a t  t h e  i n v e r t e b r a t e s ,  “ ’

Parathemisto  and e~]phausiicis were easier to obtain, or that

there was less competition for this type of prey. Alternatively,

invertebrates may be taken in preference to fish until a point

in the breeding cycle when the higher nutritional values of fish

are required for feeding growing young.

In discussing the competitive relations between species in

seabird colonies , 13elopol ’skii (1957)  comments  tha t  inver tebra tes

were less valluable  than fish for raising young. He found that

when kittiwakes  in Barents  Sea colonies were forced to rely heavily
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on invertebrates, they laid smaller clutches (p. 267) and had

lower chick survival rates (p. 262). Thus, although Black-legged

Kittiwakes  take a great variety of foods, they may also be some

importent  restrictions on the types of foods they must have if

they are to reproduce successfully.

Nestina

Habitat

Black- legged Kittiwakes  nest on small ledges on the vertical

p o r t i o n s - o f  c l i f f s . On the Pribilof  Is”lands, they prefer the

lower sections of the cliff-face and are rarely found above

180 m. Rlack-legged  Kittiwakes  a r e  s t r i c t l y  c l i f f - n e s t e r s  a t

the Prihilofs, but elsewhere they are reported to be somewhat

f lexib le  in  the i r  habi ta t  requi rements .  There  are  r e p o r t s ”  that in

predator- f ree  areas , Black-1egged Kittiwakes  will nest on gradual

s l o p e s  (Sowls et al. 1978) or on deserted buildings (Coulson  1974).

Phenology

Residents of the Pribilof Islands estimate that Black-legged

Kittiwakes  arrive in mid-April. Preble  and McAtee (1923) report

arrival dates of Black-1egged Kittiwakes  as early as 8 April

and as late as 24 April. Mhen we arrived, as early as 2 May,

the kittiwakes  were  a l ready holding ter r i tor ies  on the  c l i f fs .

Although some nest-building occurs in May, it does not begin in

earnest until  the second week of June. The first eggs were

laid about  a week later (Tables 6 and 7) and the peak of clutch

initiation is in late June (Figures 39 and 40).  The eggs are

incubated for approximately 27 days. The peak of hatching occurs

around 29 July (Tables 6 and 7). Chicks are nestbound for 43 days,
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TABLE 6

Phenology  of Black-legged Kittiwakes  on St. Paul Island, 1975-1979

FIRST EGG OBSERVED

CLUTCH INITIATION ~~
~lst egg of clutch)

=

FIRST CHICK OBSERVED

HATCHING ~~ S
w (lst  chick of brood)
oCO N=

1975 “

15 June

s 5 J1 ~ 4.4

‘ 43

24 July*

zA~fl.7

33

FIRST FLEDGING OBSERVED 1 Sept

FLEDGING ~~ S 9 s + 5 . 9
N= 47 –

1976 ‘1977 1978 ‘, 1979 OVERALL

18 June 21 June 18 June ---- 18 June

2 9  Jn~3.9  3 0  Jn&4.7 30 J n  +  4 . 8  - - - - 1 July— .

46 49 73 211

22 July 20 July 21 Ju ly 21 July 22 July

29 J1 + 2.8 2!3 J1 + 4.9 28 J1 + 5.0 29 Jl~4.3  29 July— — —

23 60 39 19 174

1 Sept 31 Aug 26 Aug ---- 30 Aug

15 S~5.2 7S -I- 5.6 1 2  s~4.7 - - - -
48 126– 33

11 Sept
254

* actual  first  date of hatching probably earlier than-reported



TARLF 7

Phenology of Black-legged Kittiwakes  on St. George Island, 1976-1978

FIRST EGG ORSERVED

CLUTCH INITIATION~+ S
( ls t  egg  of  c lu tch  –

N=

FIRST CHICK OBSERVED

HATCHING ~~ S
(lst chick of brood)
N=

FIRST FLEDGING OBSERVED

FLEDGING ~~ S
N=

1976 1977

18 June

1  J1 :6.6

21

23 July

2 8  J1 :6.1

17

3 Sept

11 s~6.2
20

20 June

30 Jn + 5.2—

53

14 July

27 J1 + 4.6—

63

10 Sept

7 s + 4 . 6
52 –

1978 OVEPALL

15 June 21 June

3 J1 ~6.O 1  J1 36.6

4 5 119

21July 19 July

OVERALL
BOTtt  ISLANDS

22 June

1 J1

330

21 July

1 A“+ 5.0 29 J1 + (5.1 29 J1— —

32 112 286

28 Aucj 3 Sept 1 Sept

15S~4.6  1 1  S e p t 11 Sept
34 106 360
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4

and remain in the vicinity for about 10 days after they are

capable of fl ight. Black-legged Kittiwakes  are common on the

Pribilofs  until mid-october;  they are occasionally sighted though

the winter and early spring (Preble and McAtee 1923).

There are no apparent differences in the timing of breeding

between Black-1egged Kittiwake  colonies on the two islands. Figures

41 and 42 summarize the breeding phenology  of Black-1egged Kittiwakes

at the Pribilofs  for 1975 t h r o u g h  1979. Phenology  has been remarkably

consistent throughout our study despite widely varying weather

conditions and levels of reproductive success (Tables 6 and 7).

Daily Activity Patterns

The numbers of Black-legged Kittiwakes on the cliffs are

fairly constant throughout the day (Hickey and Craighead  1977).

Maximum numbers occur between 1100 and

birds staying on the cliffs overnight.

movement of Black-1egged Kittiwakes  to

night (Ron Squibb, pers. ohs.).

1900 hours, with fewer

Apparently, there is no

or from the cliffs at

The amount of time an adult attends the nest varies depending

on the stage of the nesting cycle (Table 8). Adults continuously

occupy their nests during incubation and when they have small

chicks. During incubation and the small chick stage of nesting,

adults trade-off attending the nest throughout the day, with peaks

of trade-off activity occurring around 0700 and 1700 hours. Males

and females share equally incubation and brooding activities.

After chicks hatch, adults may make more frequent foraging trips

(Table  8 ) . Uhen kitt iwakes have large chicks, their visits become

even shorter and the chicks may be left alone for long periods. In

1977, over half of the large chicks were unattended overnight.
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TABLE  8

Nest Attendance Patterns of Black-legged Kittiwakes  at the Pribilof  Islands, 1977-1979*

Period of Watch No. nests lluration  of Adult Proportion of Feediflg ~rip time  ( h r s )Stage
Attendance (hrs)
X:s(n)

time nest ,is Rate x x + s (n)
unoccupied (daylight)***

Incubation

2030 1-0900 3 Jul

1730 14-1500 16 Jul

0700 9-2230 10 Aug

1600 28-1130 30 Jul

2000 1-1530 3 Aug

1700 26 Ju1-2400  4 Aug

0600 4 Aug-1305 5 Aug

6.9 - 6.1 (32)

14.1 - 8.1 (23)

o 3.2 - 2.7 (13)

o 9.8 (2)

(-l 3.5 - 3.1  (9 )

1977 STG

1977 STP

6

8

3

8

7

2

29

6.9 - 4.9 (8)**1979 STP

Small Chick
++m 1977 STG 8.7 - 7.5 (43)

5.8 - 4.0 (5)

4.6 - 3.6 (18)

3.4 - 2.0 (91)*

o 0.21 3.1 - 2 . 5  (14)

0.02 0.36 4.6 - 2.5 (21)

o 2.7 - 1.4 (14)

o 3.4 - 2.0 (9)

1977 STP

1978 STP

1979 STP

Large Chick

0.48 0.17 1.9 - 2.0 (32)1977 STG 1600 18-1200 20 Aug 6

1300 20-2100 21 Aug 7

0612 20-1701 20 Aug 5

2.1 - 3.8 (69)

2.2 - 3.3 (37)

4.6 - 1.6 (8)*

0.63 0.18 2.2 - 2:3  (22)

4.6 - 1.6 (8)

1977 STP

1979 STP

* Data  for Small Chick. STP. 1978. 1979 and Larcie Chick. STP. 1979 from Braun,  in prep.. ,-. . .,
** not watched overnight
***excludes trips less than 15 minutes



The mean period of nest attendance during incubation actually

may be longer than indicated in Table 8. Visits of over 20 hours

were common and in one instance, we observed an adult incubating

for over,41  h o u r s . However, our observations only lasted 31 to

46 hours.

Productivity.

The reproductive success of Bering Sea kittiwakes  shows

productive waters of the shelf break have the

of Black-legged Kittiwake productivity found “

S e a  (Hunt et al. 1980b).  O t h e r  B e r i n g  S e a  Co-

large yearly fluctuations, sensitive to variations in foraging

abili ty asinfluenced  by weather, competition and prey abundance

(Hunt et al.  1980b). The Pribilof  colonies, located near the

most s tab le  leve ls

n the eastern Bering

onies show large

variationsin  productivity from one year to the next.

Dur ing  our  s tudy mean c lu tch  s ize  of  Black- legged Kittiwakes  “

was stable at  about 1.4 eggs/nest (Table 9);  in the early 1900’s,

there were reports of 3 egg clutches from the Pribilof  Islands

(Preble and McAtee 1923). Outside the Bering Sea, kittiwakes

lay clutches of 1 to 4 eggs (Belopol  ’skii 1957, Coulson  1 9 6 6 ) .

In recent years, Bering Sea kittiwakes have laid a maximum of 2

eggs /nes t . In 1978, when fewer kittiwakes nested and productivity

was depressed, clutch size was only slightly lower than normal,

suggesting that when conditions are unfavorable, kittiwakes fail

to lay eggs rather than reduce their clutch size. Ramsdell  a n d

Drury  (1979) have also found that kittiwakes failed to lay when

conditions were poor at Bluff colony in Norton Sound.
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TABLE  9

Reproductive success of Black-legged Kittiwakes at the Pribilof  Islands, 1975-1979

~ CLUTCH
N=

HATCHING SUCCESS
(chicks hatched/
egg laid)

FLEDGING SUCCESS
dd (chicks fledged/
4 chick hatched)

REPRODUCTIVE SUCCESS
(chicks fledged/
nest, known clutch)

PRODUCTIVITY
(chicks flec!ged/
nest attempt)

N=

1975

1.42
85

.60-
.82

.47-
.64

.55

.44

185

ST. PAUL ISLAND
1976

1.49
70

072-
.88

.57-
.69

.74

.52

127

1977

1.52
102

.59-
.85

.52-
*74

.67

.43

157

1978

1.33
110

.74-
.84

.58-
.66

.65

.36

203

1979

1.47
87

.73-
.88

.5(I-*
.60

.64*

.54*

158**

ST. GEOPGE ISLANEI
1976

1.42
19

.70-
.93

.60-
.79

.79

.62

34

1977

1.46
78

.73-
.94

.41-
.53

.56

.45

110

1978

1:20
68

.57-
.77

.51-
.72

.48

.22

229

OVERALL
(excluding 1979)

1.41

.66-
.86

.52-
.68

.63

.43

* number of chicks fledged in 1979 is Dro.iected  from the number of chicks at last check (16 Aug),  us ing
1975 to 1978 data to jalct]late mean sur;ivorship  of chicks by age.

**number of nest attempts estimated from the number o-f nests with known clutch using mean value of the
r a t i o : number nests, known clutch/number nest attempts for 1975-1978.



The variabili ty in Bering Sea kittiwake  product iv i ty  a r i ses

from the number of young fledged rather than an adjustment of

clutch s i z e  (Table 9 ) . Siblicide is one mechanism that seabirds

use to reduce their brood size (Nelson 1978). Siblicide has been

documented in Bering Sea Black-1egged Kittiwakes  (Braun  in prep.,

Ramsdell and Drury 1979) and appears to be triggered by hunger of

the oldest  nes t l ing;  i t  i s  sens i t ive  to  lowered  food avai lab i l i ty

and interruptions in feeding due to storms (Braun in prep.).

Siblicide. occurs during a critical two week period immediately

after hatching. The conditions which prevail during this period

determine whether siblicide  occurs and hence the level of

productivity achieved. Siblicide  commonly occurred during our

study. We did not observe any kittiwake  nest with two fledglings

until 1978. h the whole, 1978 was a bad year for kittiwake

productivity, although a few pairs did remarkably well. -In 1979,

a p p r o x i m a t e l y  10 per cent of the kittiwake nests in our  s tudy

area fledged two young. The survival of 2 young in a nest implies

that the food supply to the chicks was sufficient and without

in ter rupt ion .

Productivity of Black-1egged Kittiwakes was tested for variation

among years and between the two islands using a two-way ANOVA. The

kitt iwake colonies on the two islands did not differ significantly

in  the i r  product iv i ty  ( Is land ef fec t ,  r2 = 0.0’2,  P  = 0 . 1 4 8 ) . Major

di f ferences

years (Year

in 1976 and

in Black-legged Kittiwake productivity occurred among”

effect ,  r2 = 0 .32,  P  =  0 .013) . Productivity was similar

1977 when it averaged 0.51 chicks fledged/nest attempt.

Productivity was significantly depressed in 1978 when it averaged
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0.29 chicks fledge/nest attempt  (1. S!3, 1976 and 1977 combined versus

1978, P = 0.05). An obvious differe~lce  between 1978 and the previous

years was the weather; 1278 was much windier  and rainier.  When

compared to the thirty yefir  aver~qe,  raill:all  in 1978 was normal ,

while average wind speed was much higher than normal.

!de tested whether wind or rain had the greater effect on

productivity by comparing the proportion of days with high winds

or rain against a measure of product iv i ty . For the hatching

period we compared weather between Is June and 15 July to hatching

success  (chicks  hatched/egg  laid), and for the chick phase we

compared fledging success (chick fledgec!/chick  ha tched)  t o  w e a t h e r

d u r i n g  t h e  period  15  JLllY to 15 Aiigust.  R a i n  had l i t t l e  e f f e c t

on ei ther  ha tching  or  f ledging  success  (x$ = 5.21 P > .10).

Hatching success was inversely related to the occurrence of high

winds (x$ = 18.58 P < 0.001), altho{]gh winds had little effect

on fledging success.

Black- legged Kittiwake  chicks on St. Paul Island  cons is ten t ly

showed higher growth rates than chicks on St. George Island (Table

10). Kittiwake  chicks on !it. Pal~l  gre\~  at a rate o f  1 4 . 7  g r a m s / d a y ,

while St. George chicks grew at a rate of 12.8 grams/day (Table 10).

This difference may reflect the greater competition with murres

and o ther  kittiwakes  on St. George Is land. Belopol  ’skii (1957)

stated that Rlack-legged  Kittiwake  productivity and growth rates

were lower  when kittiwakes  had to compete for food with murres.

He suggested that competit ion with murres  forces kittiwakes  to

use more invertebrates,  with lower nutritional value  than fish,

resulting in lower chick growth rates and productivity. The ratio



TABLE 10

Growth Rates and Fledging Weights of Black-1egged Kittiwake  Chicks

at the Pribilof  Islands, 1975 - 1979

Growth Rate (day)

1975

St. Paul
S t .  George

14.6 ~2.3 (34)

1976

S t .  Pail 12.814.9  (33)
St. George 11.5  ~2.6 (24)

1977

St. Paul 14.5 + 1.6 (22)
St. George 13.8 ~1.8 (21)

1978

St. Paul 15.1 ~2.5 (16)
St. George 13,0 ~2.2 (16)

Fledging Weight

469.9 ~5204 (14)
413.8 ~4604 (8)

434.2 +25.2 (20)
431.6 ~41.8 (20)

463.1 + 30.9 (15)
478.1 ~49.6 (16)

1979

St. Paul 16.622.9  (14)*
- -

Overal  1 14.0

St. Paul 14.7
St. George 12.8

448.5

455.7
441.2

* Rates appear to be higher than they actually are because they

were taken over a shorter period than in previous years.
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o f  murres t o  t31ack-legged  Kittiwakes o n  S t .  G e o r g e  I s l a n d  i s

2 3 . 5  : 1, w h e r e a s  o n  St. F’aui I s land,  the ratio is only 4.8 :  1.

l;je  infer that there is some competitive depression of growth

rates on St. George Island, but the added  stress is not great

enough to depress productivity. Consistent with this hypothesis,

we find no competit ion effect on fledging weiqht. Neither island

<inferences nor year differences explained the variations observed

in fledging weight (Twc-wa:y  APIOVA,  explained variation r 2 = 0 . 0 5 ,

I s l a n d  e f f e c t  P  =  0 . 2 0 5 ,  Y e a r  effect P  =  0 . 2 7 6 ) .  T h e s e  r e s u l t s

suggest that the effects of competition, or temporary food limitation

on growth rates and fleding  weight of kittiwake  chicks at the

Pribilofs a r e  ameliorat)le.

There is a large amount of variation in growth rates that

we are unable to explain by island and year (unexplained variation,

1 - r2 = 82%). Me did find significant differences in growth

rates between islands, but not between years (Island effect

r 2 = 0.15 P < .0001,  year  ef fec t  r 2 =  0.01  P =  0 . 4 1 2 ) ,  j u s t  t h e

opposite of our findings for productivity. The lack of difference

in growth rates between years despite substantial differences

in productivity suggests that Black-legged Kittiwakes  adjust

to a variable environment by changing the number of young they

raise rather than by changing growth rates.

R e d - l e g g e d  Kittiwake  (Rissa brevirostris)

Numbers

Red-1egged Kittiwakes  are endemic to the Bering  Sea and

even within this region, they

nests only on the Pribilof Is’

have a l imited range. This species

ands,  Buldir  and Bogoslof  I s l a n d s
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in the Aleutian Chain and the Kommandorskie  Islands (Sowls  et al.

1978). The Pribilof  Island support an estimated 222,200

Red-legged Kittiwakes, 220,000 of which nest on St. George Island

(Hickey and Craighead  1977). The Pribilof  Island population

accounts for 89% of the Red-legged Kittiwakes in the eastern

Bering Sea (Appendix 1). There are no current estimates of the

population size for this species in the western Bering Sea and

thei r  nes t ing  s ta tus  there  i s  present ly  unclear .  The  Pribilof

Island population represents the major portion of the world

population of Red-legged Kittiwakes.

Pelagic Distribution

The pelagic distribution of Red-legged Kittiwakes is given

in Figures 43. Again, for this species both aerial and shipboard

surveys were combined. Near the Pribilofs, most surveys were done

by observers who were experienced with both kittiwake species.

Although the two methods of censusing  produced similar results,

there is the possibility that Red-legged Kittiwakes were over-

estimated in ship surveys since they are attracted to ships.  Since

most of the data comes from shipboard surveys, it is possible

that our density estimates are slightly inflated.

On the basis of our data, we can say relatively l i t t le

about the seasonal changes on the abundance or distribution of

Red-legged Kittiwakes. According to Shuntov  (1963), Red-legged

Kittiwakes move out of the Bering Sea in winter. Although we

encountered fewer areas of moderate density in spring and fall

than in sumner,  this does not necessarily mean that they were

moving out of the area. In addition, our sample sizes for spring

and fall are sufficiently small to preclude meaningful comparisons.
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The overall pelagic distribution shows a marked concentration

of Red-1egged Kittiwakes in the general vicinity of the Pribilofs;

few birds were sighted more than 120-150 km from these islands.

Around the Pribilofs, there is a marked asymmetry in the distribution

of this species. Densities are generally an order of magnitude

h i g h e r  south of St. George Island and along the edge of the

continental slope, than they are north of the islands.

Examination of the histograms of density around the islands

and the zonal analysis of pelagic distribution reinforce this

interpretation (Figures 44 and 45). The density of Red-legged

Kittiwakes  in any direction is low except near the shelf break.

Around St. George Island south to the shelf break and in waters

up to 2000 m in depth, the densities of Red-legged Kittiwakes  are

significant”

P <0.05).

break relat

function of

y higher than in other zones (Modified LSD Procedure,

The  higher  density of this species over the shelf

ve to the shallower shelf waters undoubtable is a

the food preferences of Red-1egged Kittiwakes.  Unlike

the Black-legged Kittiwake,  which feeds on a wide variety of prey

frequently captured near their colonies, the Red-legged Kittiwake

specializes on deep-water myctophid fishes, which are found

at and beyond the shelf break.

R e d - l e g g e d  Kittiwake  densities are low in the iirunediate

vicinity of St. Paul Island while they are high near St. George

Island, reflecting the relative sizes of the Red-legged Kittiwake

colonies on the two islands. The colony on St. Paul is an order

of magnitude smaller than the colony on St. George Island (2,200

versus 220,000) (Hickey and Craighead 1977).
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Distribution of Red-legged Kittiwakes  by zones
near the Pribilof Islands 1975-1979 (its)*

.
ANC)VA across all zones) ‘7,2154 ‘24’479$ ‘=0-0000’
Homogeneous subsets by modified LSD Procedure, CZ=O.05

Subset 1 Zones 7,1,5,2,3
Subset 2 Zones 3,8
Subset 3 Zones 8,6
Subset4  Zones 6,4

*rounded to whole numbers

FIGURE 45

126



Diet

Red-”

column by

egged Kittiwakes  forage in the top 0.5 m of the water

dipping and shdllow  pursuit-plunging. At the Pribilof.s,

R e d - l e g g e d  Kittiwakes  are usua~

break and rarely join the large

the  i s lands . There are indicat

large ly  a t  night.

The types of foods (Jsed by

y found foraging near the she”

mixed species foraging flocks

ons that this species forages

f

near

Red-legged Kittiwakes  (Figure 46)

are gener~lly  similar to those used by Black-1egged Kittiwakes

at  the  Pribilofs. Fish is the priilclpal  food source for Red-

Iegged  Kittiwakes, and like Blat!.-legged Kittiwakes,  walleye

pollock  is used extensively. However, there are some striking

differences in the particular food types used by the two kittiwakes.

In  par t icular , Red-1egged Kittiwakes  use myctophids  extensively,

which undoubtable accounts for their concentration

shelf break.

Preble  and McAtee  (1923) examined 15 stomachs

Kittiwakes  taken form St. George Island. Seven of

along the

of Red-1egged

the stomachs

contained only squid mandibles. In the eight stomachs containing

measurable food volume, 25 per cent of the food was squid, 36.5

per cent crustacea  and 37.5 per  cent was fish. The crustacea

were chiefly euphausiids  from the genus Thysanoessa. These

results differ from our

t h e i r  small

in prey ava

col lec t ion .

own, but the differences may result from.

sample size or may reflect seasonal differences

labi l i ty ,  snce they did not specify the dates of

127



33
L4

3i
U

33
O

o\
O

23
JM

A
V

E
V

rn
es

,3
M

uJ
ov

0\
°

E
!J eobiei&1

TAH8BTRBV,1I JJA

boqolDtlqe3

oboqitlqmA

m
w
x
d
3

sfzqdtwaq sa#fmlMw’

I
HS14 llV

aDp!!snDqdnq

-

I

I i I I I
o m o I.cJ o
0 r- l.n

$
128



Data on seasonal changes in Red- legged Kittiwake  diet during

the period 1975 to 1978 show a cirop in the use of cephalopods and

an increase in the use of fish, particularly myctophids, as the

season progressed (Figure 47a). This shift  was not statistically

significant using the median test; however, this test is

compara t ive ly  insens i t ive It is in teres t ing  tha t  there  i s  an

apparent sharp drop in the Iuse of pollock  through the season,

followed by a sharp increase in September. This pattern differs

from that seen in Black-legged Kittiwakes.  Pollock  occurs in the

die t  of  Ret

from the d

season use

-legged Kittiwake~ in June, but is conspicuously absent

et of Black-1egged Kittiwakes  in that month. The” early

of pollock  by Red-1egged Kittiwakes  may reflect their

use of more oceanic foraging areas than Black-legged Kittiwakes,

or differences in prey availabili ty at the surface due to foraging

at night. Red-legged Kittiwakes  showed a much lower use of~.

libellula,  a shallow-water eastern shelf amphipod  (Motoda  and

Minoda 1974),  than Black-1egged Kittiwakes,  particularly early

in the breeding season, again suggesting an oceanic foraging

d i s t r i b u t i o n .

Through the four years of our study, Red-1egged Kittiwake

diet has shown an increasing use of pollock  (Figure 47b),  probably

reflecting the opportunistic \/se of pollock  when unusually large

year classes were available (Smith 1979). In 1977, there was an

unusually high survival of po’

Since kitt iwakes take pollock

2year old fish (Smith 1979),

l o c k

up to

the  h

1977 could account for a higher percentage of pollock  in Red-legged

arvae  (Cooney  e t  a l .  1 9 7 8 ) .

28 cm, presumably representing

gh s u r v i v o r s h i p  of pollock  in
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SEASONAL VARIATION IN RED-LEGGED KITTIWAKE DIET - O/. OF DIET BY VOLUME

MONTH
FOOD TYPE
ALL INVERTEBRATES

Nereids
Cephalopods
Amphipods
Euphousiids

ALL FISH
Mollofw  villosus
Therogro  chalcogrommo
Myc!ophids
Ammodytes hexopterus

VOLUME OF FOOD
NUhlBER OF SAMPLES

JUNE

I

,.

JULY

L

AUGUST

L

1 SEPTEMBER

l=-
{ } I I

I I I I I I I 1
‘k 50 100 50 100 50 100 50 100

42 ml 438ml 1075 ml 1475ml
43 69 124 108

YEARLY VARIATfON  IN RED- LEGGED KITTIWAKE  DIET - % OF DIET BY VOLUME

YEAR
FOOD TYPE
ALL IN VERTEBRATES

Cephalopods
Amphipods
Euphausiids

ALL FISH
Mollofus  WYlosus
Theragro  chokogrammu
Myc!~phids
Ammodyios hcxopterus

VOLUME OF FOOD
NU!ABER  OF SAMPLES

1975

[

1976 1977 1978

3 ? 3
1

1 1

3
) n

I 1 1

t t 1 1 1 I I $
% 50 100 50 100 50 100 “ 50 100

76 ml 837ml 1566ml 770ml
12 97 178 89

FIGURE 47

130



Kittiwake  diets in 1977 and 1978. Alternatively, this shift  may

also be due to a decrease in the availability of myctophids.

!!@I!!
Habitat

Red-1egged Kittiwakes nest on vertical cliffs of islands

near the continental slope (Hunt et al. 1980b). On the  Pribilof

Islands, Red-legged Kittiwakes nest on small, narrow ledges

frequently sheltered by an overhang, either on low cliffs among

numerous Black-1egged Kittiwakes  or on the highest cliffs in

large, single-species aggregations.

Phenology

Preble and McAtee (1923) report that Red-1egged Kittiwakes

arrive at the Pribilofs as early as 8 April and as late as 22 A p r i l .

In 1977, Red-1egged Kittiwakes were in the vicinity of St. George

Island by 1 April and were well established on the cliffs by the

middle of the month. The first eggs are laid in mid-June, with

the peak of laying occurring in the first week of July (Tables 11

and 12, Figures 48-50). Red-legged Kittiwake phenology is about

a week behind that of Black-1egged Kittiwakes at the Pribilofs

(T Test, P < 0.001). Phenology differs between pure Red-legged

Kittiwake nesting areas and those where they nest among Black-legged

Kittiwakes. In pure colonies, mean egg-laying is earlier than

in mixed colonies (T Test, P < 0.001),  but egg-laying is less

synchronous (F Test, 0.01 > P > 0.005). Pure colonies have higher

nesting densities than mixed colonies. Coulson  and White (1960)

have reported similar phenology differences between dense and

less dense sections of Black-legged Kittiwake colonies. These
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TABLE 11

Phenology of Red-legged Kittiwakes

FIRST EGG OBSERVED

CLUTCH INITIATION X:
(1st egg of clutch)
N=

FIRST CHICK OBSERVED

HATCHING~+ S
(1st chick ~f brood)

w N=
wm

s

FIRST FLEDGING OBSERVED

FLEDGING y~ S
N=

1975

25 June

6  J1 32.0

6

30 July

31 J1 ~0.O

3

10 Sept

1976

29 June

3J1 34.5

51

27 JUIY

3 1  J1 14.7

41

10 Sept

15 S~6.5
39

on St. Paul Island, 1975-1979

1977

21 June

25 Jn~4.8

17

16 July

27  J1 :6.7

10

29 Aug

6 s + 4 . 5
54 –

1978

1 July

10 J1 ~5.6

10

5 Aug

13 A~11.9

7

2 Sept

15 s~4.3
9

1979 OVERALL

- - - - - 27 June

- - - - - 3 July

6 Aug 29 July

11 A~3.8 4 Aug

12

- - - - - 5 Sept

----- 13 Sept



TABLE 12

Phenology  of Red-legged Kittiwakes  on St. George Island, 1976-1978

FIRST EGG OBSERVED

CLUTCH INITIATION+ S
( ls t  egg of  c lu tch)  –

N =

FIRST CHICK OBSERVED
+uw HATCHING ~~ S

(lst chick of brood)
N=

FIRST FLEDGING OBSERVED

FLEDGING ~~ S
N=

1975 1976

----- 27 June

- - - - - 7 J1 + 6.0—

41

24 July 23 July

1A+7.O 5 A + 6 . 3. —

19 35

3 Sept 10 Sept

----- 18 S~6.6
35

1977

15 June

4  J1 :7.2

104

9 July

3 1  J1 18.3

93

21 Aug

10 S~4.6
83

1978

15 June

7Jl+_11.1

51

28 July

10A~10.1

25

10 Sept

16 S33.7
19

OVERALL

19 June

6 July

21 July

4 Aug

4 Sept

15 Sept
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differences may also reflect microcl

colonies  occur at high elevations wh

low elevations, where snow is likely

mate differences, since pure

le mixed colonies occur at

t o  p e r s i s t .

At the Prihilofs,  Red-legged Kittiwakes  incubate their eggs

for approximately 30 days. The peak of hatching occurs around

4 August (Tables 11 and 12). Chicks are capable of fl ight after

37 days in the nest but typically remain in the vicinity for a

week to ten days during which time they are fed by the parents.

Red-legged Kittiwakes leave the Pribilof  Islands

(Preble and McAtee  1923) although a few may rema

and winter.

Daily Activity Patterns

in September

n during fal

Numbers of Red-1egged Kittiwakes on the cliffs varied

throughout the day, with peak numbers. occurring around 1500 h.

Nesting kittiwakes  continuously occupied their nests up to and

sometimes after the young fledged. Adults trade-off attending

the nest throughout the day, with a peak of trade-off activity

occurring in the morning. Unlike the Black-legged Kittiwake,

trade-offs do occur during darkness. The night trade-off

probably relates to the Red-legged Kittiwake’s use of myctophids

in the diet . These fish come to the surface at night where they

are available to foraging kittiwakes. Another indication that

Red-legged Kittiwakes feed at night is that nesting adults rarely

spent two consecutive nights on the nest, whereas it was a

relatively common occurrence for Black-legged Kittiwakes.

Table 13 summarizes the attendance patterns observed during

the different stages of the nesting cycle.  Like the B“
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Kittiwake, attendance bouts became shorter as the season progressed.

However, Red-legged Kittiwakes  were much more attentive to their

young. Black-1egged Kittiwakes leave their large young alone in

the nest 55 per cent of the time and start leaving them unattended

at an earlier age than Red-legged Kittiwakes. Normally, Red-

legged  Kittiwake  chicks were first observed alone in the nest

at an average age of 41 days. However, in 1978, a poor reproductive

year for Red-legged Kittiwakes, chicks were first observed alone

at an average age of 25 days and in one instance a chick was left

unattended at twelve days of age.

Productivity

Red-1egged Kittiwakes  are as productive as their congener,

the  Black- legged Kittiwake  despite the fact that at present they

lay a single egg at the Pribilofs versus the 2 eggs  la id  by

Black-legged Kittiwakes (T Test,  P > 0.5). (There is a report

of 2 egg clutches in Red-legged Kittiwakes at the Pribilofs

(El l io t t  1875) . In  addi t ion ,  Denby Lloyd (in Iitt.) repor ted  a

Red-legged Kittiwake nest containing 2 eggs on St. George Island

in 1980). Patterns of reproductive success are similar for the two

species, with both showing large

We analyzed productivity for var”

(Two-way ANOVA, explained variat

yearly fluctuations (Table 14).

ations due to years and islands

on r 2 = 0.80) .  We found no

significant differences in productivity between St.  Paul and

St. George Islands (Island Effects rz = 0.0, P = .965). There

were significant differences in productivity between years (Year

effects ,  rz = 0,73, P = .0001). However, a significant interaction

prevented further analysis. Both for Red-legged and Black-legged
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TABLE 13

Nest Attendance Patterns of Red-legged Kittiwakes  at the Pribilof  Islands, 1977 - 1979.

Incubation

1977 STG

1977 STP

w 1979 STP
u
a

Small Chick

1977 STG

1977 STP

Large Chick

1977 STG

1977 STP

Period of Watch

2030 1-0900 3 Ju~

1730 14-1500 16 Jul

0600 4-1305 5 aug

1600 28-1130 30 Jul

2000 1-1530 3 Aug

1600 18-1200 20 Aug

1830 20-2100 21 Aug

8.6~8.3  (54) o

17.2  ~10.2 ( 2 4 ) o

2.8:0.6  (2) o

10.9  ~8.6 ( 2 9 )  . 0

8.4:5.0 (25) o

5.2~6.O (56)

3.1:5.0 (38)

0.3

0.4

Duration of Adults Proportion of Feeding
No. nests Att~ndance  (hrs) time nest is Rate

x~s(n) unoccupied T

13

9

5

7

6

9

6

0.4

0.2

0.2

0.2



TABLE 14

Reproductive success of Red-legged Kittiwakes  at the Pribilof  Islands, 1975 - 1979

1975

~ CLUTCH 1.00
N= 23

HATCHING SUCCESS .78-
(chicks hatched/ .91
egg laid)

+ FLEDGING SUCCESS .81-
S (chicks fledged) .94

chick hatched)

REPRODUCTIVE SUCCESS .74
(chicks fledged/
nest, known clutch)

PRODUCTIVITY .34
(chicks fledged/
nest attempt)

N = 50

ST. PA~~7;SLAND
1976 1978 1979

1.00
56

.88-

.93

.92-

.98

● 86

.63

76

1*OO
57

.82-

.91

.81-

.89

.74

.54

78

1.00
24

.54-

.71

.65-

.85

.46

.10

112

1.00
24

.63-

.71*

.76-

.87* .

● 54*

● 34*

56

ST. GEO;$;71SLAND
1976 1978 OVERALL

1.00
39

.79-

.87

.76-

.84

.67

.30-

.45

88

1.00
168

.78-

.85

.79-

.86

.68

● 54

240

1.00 1.00
72

.57- ● 7-

.81 .86

.53- .7-

.76 .87

.43

.13

235

*  ~u~bpr of chick fledqed in 1979 estimated  from number Of eggs a n d  c h i c k s  a t  last c h e c k
compared to numbers on same date in previous years which fledged at end of season.



Kittiwakes,  productivity was similar in 1976 and 1977 but was

depressed in 1978. Yearly differences were more pronounced in

Red-legged Kittiwakes. Between 1975 and 1977, productivity averaged

0.40 chicks fledged/nest attempt; in 1978 productivity averaged

0.12 chicks fledged/nest attempt, a 30 per cent reduction from

previous levels  (Table 14).

The fact that both kittiwake species were affected in 1978

makes prey scarcity an unlikely cause of lowered productivity,

since the two species depend on different prey, and the major

prey they shared in common, walleye pollock,  was abundant in 1978

(Smith 1979). However, the kittiwakes are similiar in their flight

capabilities and both appear to be inhibited in their foraging

by high winds. Red-legged Kittiwakes  were particularly strongly

affected in 1978. One possible reason why Red-legged Kittiwakes

were more severely affected than Black-legged Kittiwakes  might

be their longer foraging distances; these birds typically feed

along the shelf break, a minimum distance of 30 km. Another

reason might be that the 2 egg clutch of the Black-legged Kittiwake

acts a buffer, the second egg being insurance against loss of

t h e  f i r s t . Red-legged Kittiwakes, with their single egg, lack

such a buffer and can only replace lost eggs early in the breeding

season. Any event causing egg loss or chick mortality would then

be expected to affect Red-legged Kittiwake  productivity more

severely.

Growth rates of Red-legged Kittiwake  chicks are given in

Table 15. Red-legged Kittiwake  chicks have typically grown

at rate of about 13 grams per day, except in 1976 when growth
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TABLE 15

Growth Rates and Fledging Weights of Red-legged Kittiwake Chicks

at the Pribilof  Islands, 1975 - 1979

1975

St. Paul
St. George

1976 -

St. Paul
St. George

1977

St. Paul
St. George

1978

S te P a u l
St. George

1979

St. Paul

Overal 1

St. Paul
St. George

Growth Rate (g/day)

no nests in reach
13.2  ~1.9 (16)

11.7 :1.2 ( 4 )
10.5 ~2.l (12)

13.6 ~ 2.5 (3)
13.1 ~2.3 ( 4 2 )

no nests in reach
13.1 :2.2 ( 1 3 )

12.3*

12.53

12.65
12.48

Fledging  Weight (9)

no nests in reach
376.6 :33.9 (16)

410.8 ~37.g (4)
378.6 :47.4 (28)

397.3 + 14.1 (3)
404.1 ~47.4  ( 2 9 )

no nests in reach
385.9~  35.1 (11)

392.2

404 ● 1
386.3

* growth yate for one chick taken over short period (less than 1 week)
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rates were lower (T test P < 0.01). Growth rates were similar

on the two islands (T test P > 0.5). Although productivity

suffered in 1978, growth rates were equal to 1975 and 1977 levels

(T test P > 0 .5)

390 grams (Table

Like Black-

Red-legged Kittiwake  chicks fledge at about

15).

egged Kittiwakes, nesting Red-1egged Kittiwakes

have few predators on the Pribilof  Islands. Mortality of eggs

and chicks was about 20 percent for all nests, except in 1975 when

it was about 40 per cent and 1978 when it was over 50 per cent.

Most mortality occurs during the egg stage. Aleuts  shoot flying

young and adult Red-legged Kittiwakes for food. On St. P a u l

Island, Aleuts  may shoot the equivalent of the entire Red-legged

Kittiwake reproductive output for the year due to the small

numbers nesting on the island and the accessibility of their

nests.  Most shooting occurs during the fall ,  rather than during

the nesting season. Numbers of Red-legged Kittiwakes on St. Paul

Island appear to have remained constant since at least the 1950’s,

so shooting has not caused the population to decline. On St. George

Island, the large numbers of Red-legged Kittiwakes and their

inaccessibility combine to make the effects of shooting negligible.
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ALCIDAE

The North Pacific is the center of adaptive radiation for

th is  fami ly  of  d iv ing  seabirds  (Bedard  1969c) tha t  occupies  the

ecological foraging zone of the subsurface waters. The range

of sizes and the variety of l ife history strategies among the

species make this family of seabirds one of the most interesting.

There is differentiation between the species in foraging areas;

moreover,  the distribution of alcid  nesting colonies may reflect

the availability of preferred foods, which in turn are restricted

to particular water masses or ocean environments.

Common Murre (Uris aalge)

Numbers

The Common Murre is a widespread species, occurring throughout

the northern oceans. The Pribilof  Islands support an estimated

229,200 Common Murres, a small portion of the estimated 4.9 million

in the eastern Bering Sea (Appendix 1).

As recently as 1949, Walrus Island in the Pribilof  group

supported one of the largest murre  colonies in the world (Kenyon

and Phill ips 1965, Preble and McAtee 1923). Since that t ime,

Steller’s  Sealions  have displaced the murres on Walrus Island.

The only remnant of this once imnense  colony is a group of about

200 murres who nest on a small  offshore rock at the north end

of the island.

Pelagic  Dis t r ibut ion

The pelagic distribution of murres is given in Figures 51-53.

Aerial and shipboard surveys are combined as

reasonably unbiased data on distribution and
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both Common and Thick-billed Murres are combined, as specific

i d e n t i f i c a t i o n  in the  f ie ld ,  par t icular ly  in  aer ia l  surveys  i s

often not possible. Near the Pribilofs, 80 percent of all mur re s

are Thick-billed Murres;  near the mainland coast, most murres

are Common Murres.

According to Shuntov (1972), murres spend their winters

on the open waters of the continental shelf. In late March

and April, murres  begin to concentrate around their colonies,

but there are stil l  large numbers over shelf water,  particularly

in the outer shelf domain (Appendix 2, Figure 1). Fly May, most

murres are concentrated near the colonies and relatively few

areas of high density are found more than 100 km from their

colonies (Appendix 2 , Figure 2). This pattern persists through

August. In late August and early September, when murres  are

finished nesting, they rapidly disperse (Appendix 2, Figures 3-6).

Thus, there are very large and highly vulnerable concentrations

of murres near their colonies i n  s u m m e r .

During  the breeding season, the major concentrations of murres

around the Pribilofs  were found between 56° 10’N and 57° 30’N,

168° 30’W and 171° 10’W, an area within approximately 50 kmof the

islands (Figures 53 and 54). One exception to this pattern is the

area east of St. Paul Island, where large numbers of murres were

seen out to 100 km from the island (Figure 54). The distribution

of murres  on the water, which reveals the location of important

foraging areas, reinforces the impression that the area northeast

of St.  George and east of St.  Paul is a particularly critical

foraging zone for murres  during the breeding season (Figures 56
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and 56). Southwest of the islands, densities

and large numbers of rnurres  on the water were

are much lower

rarely encountered

more thzl 50 km from the colonies (Figure 54). We rarely

encountered groups of adults and fledglings on the water and

therefors we do not know if there are important “nursery” areas.

T h e  zonal  analysis of murre distribution around the pribilofs

shows lerge concentrations of murres near the islands which drop

off rapi:ly  with distance (Figure 57).  In the most distant zones,

murre  densities were greater over the shallower waters to the

north ant lower over the deeper waters of the shelf break. These

dif ferences  were  s ta t i s t ica l ly  s igni f icant  (T-Test ,  T547a9  = 3.g5,

p <0.00!21)0 llensities  were greater around St. George Island

than  aro~nd  St.  Paul,  reflecting the larger population of murres

nesting c~ St. George Island (Modified LSD Procedure, P < 0.05).

The overall  picture that emerges from this analysis is that

foraging nurres  are highly concentrated close to their breeding

colonies and that moderately high concentrations may be found

out to 100 km or more. However, the distribution of murres

around the island was not symmetrical. Rather, most birds were

found to the north and east in waters less than 100 m deep.

Murre densities dropped off rapidly to the south and west over

deeper waters. Since some deep-water areas with low murre  densities

are closer  to the colonies than some of the shallow-water areas

wi th  high murre density,  i t  is  reasonable to believe that murres

are constrained from using these deep-water areas because foraging

there is unproductive during the breeding season. However, at

other seasons, murres are found foraging in moderate numbers over
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Distribution of Nlurres by zones near
the Pribllof Islands, 1975-1979 “(its)”

\ANOVA across all zones, F7 ~,28=9.084,  P= O.0001,
Homogeneous subsets by m~dified  LSD Procedure, CZ=O.05

Subset 1 Zones 8,7,6,5,2,1
Subset 2 Zones 2,1,4
Subset 3 Zones 3,4
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waters between 100 and 200 m deep (Figures 51, 53, 56, 58)

suqgestinq  that water depth is not the cr i t ica l  fea ture  de termining

the asymmetrical distribution of murres around  the Pribilof  Islands

in summer.

Diet

C o m m o n  Yurres dive to obtain their prey, often at considerable

depths (60 m, Stettenheim 1959). They forage over the continental

shelf, genera l ly  close to their colonies. At the Pribilofs,

Common Ntrrres  are rarely encountered more than 100 km out from

the  i s lands .

Figure 59 summarizes the major foods used by Common Murres at

the  Pribilofs. Fish were the principal component of the diet and

walleye pollock  was the single most important species. Invertebrates

comprised less than 5 per cent of the diet by volume (Figure 59).

Invertebrates,  particularly euphausiids,  attained importance only

in June (Figure 60). This trend of dependence on invertebrates

early in the breeding season and dependence on fish later is similar

to the pattern found in the diets of other Pribilof  seabi rds .

Unfortunately, the small number of Common Murre food samples for

June and September precludes the meaningful application of

s t a t i s t i c a l  a n a l y s i s .

Prehle  and McAtee (1923) reported on the contents of 18

stomachs of this species taken from the Pribilof  Islands, mostly

in winter. In contrast to our results, the 12 stomachs with food

contained almost exclusively amphipods,  particularly Pontogenia.

One stomach conta

had traces of sma

ned nereid worms. Only the nearly empty stomachs

1  sculpins  (Cottidae). These data differ from
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SEASONAL VARIATION IN COMMON MURRE DIET  - % OF DIET  B’f voLuME

MONTH
FOOD TYPE

ALL INVERTEBRATES
Cepholopcds
Amphipods

Pcrothemisio Iibel/u/o
Euphousiids

Thysonoesso  inermis

ALL - FISH
A401/otus villosus
Therogro cholcogrommo
SIichoeids

.$?ichoeus  pwctofus
Ammodytes  hexopterus

VOLUME OF FOOD
NUMBER OF SAMPLES

YEARLY VARIATION IN

YEAR
FOOD TYPE
ALL INVERTEBRATES

Cephalopods
Amphipods

Porothemisto  Iibel{ulo

Euphausiids

ALL FISH
A.lollofus  viflosus
Therogro cholcogrammo
Stichaeids
Ammodyfes hexopterus

VOLUME OF FOOD
NUMBER OF SAMPLES

I
JUNE

I

L

JULY AUGUST

1

#-k-
1 SEPTEMBER

t-
tI i I I I I

“/. 50 100 50 100 50 100 50 100
75 ml i~7 ml 341 ml 31 ml

15 56 32 10

COMMON MURRE DIET - ‘/o OF DIET BY VOLUME

1975 1976 1977 1978

) 3
1

) 1
)
I J

., 1 3 . . . . . . . . J 1
J 1 =

x 1 I
= 3

3
I I I 1 I I 1 I

010 50 100 50 100 50 100 50 100

59ml 203 ml 212 ml 123 ml
22 37 !8 39

FIGURE 60
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ours, which were gathered mostly in summer. The question remains

as to what these differences mean.

At St. Lawrence Island, Searing (1977) found Common Plurres

using both invertebrates and fish (N = 5). Ramsdell  and Drury

(1979), working at Bluff on the south coast of the Seward Peninsula,

found adult Common Murres feeding on small sand lance (Ammodytes)

3 to 5 cm long. However, they brought pricklehacks  (Lumpenus)

to their chicks. Ramsdell  and Drury made no mention of the use

of invertebrates. Further north, at Cape Thompson in the Chukchi

Sea, Swartz (1966) exam

of Common Nurres there,

almost exclusively fish

related walleye pollock

ned 86 Common Murre stomachs. The diet

similar to the Pribilofs  in summer, was

with Boreogadus  saida replacing the

as the single most important food species.

At Cape Thompson, the diets of adults also contained significant

amounts of sand lance, which was not the case at the Pribilofs.

Ammodytes was also used extensively by Black-legged Kittiwakes

in,the northern colonies. This use of Ammodytes in the northern

colonies probably does not represent a north-south difference

in the distribution of Ammodytes, but rather their greater abundance

in the coastal versus pelagic habitat .  The data on Black-legged

Kittiwake food habits from the Bering and Chukchi Seas are similiar

to those obtained by Belopol  ’skii  (1957), working in the Barents

Sea. He found that 95 per cent of the diet in Common Murres

consisted of fish.

-

Habitat

Common Murres nest on the tops of predator-free offshore

rocks and islands or on wide ledges of sea cliffs. Their densely
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packed and typically remote and inaccessible nest sites made the

C o m m o n  Murre a difficult species to monitor on the Pribilofs.

Their  prodtlctivity  is very sensitive to disturbance due to the

crowded condi t ions  on  their nesting l e d g e s . The sensitivity to

perturbation and crowded nesting conditions combine to make

phenology  and productivity estimates crude, at best. A few Common

Murres nest on narrow ledges among numerous Thick-billed Murres.

For much of our study, we have used these atypical Common Murre

sites because of the greater observational

However, the productivity and phenology  of

in these atypical areas may not accurately

of the larger population (Birkhead  1977) .

Phenology

accuracy they afford.

Common Murres nesting

reflect the biology

Common ?lurres  were well established on their ledges when

we arrived at the Pribilofs, as early as 3 May. Our  leas t  re l iable

estimates are for laying phenology. We think that the first  eggs

are laid in early June (Tables 16 and 17), with the peak of laying

occurring in late June through early July (Figures 61-63). Murres

incubate their eggs for an a v e r a g e  of 31 days. The peak of hatching

occurs around 5 August (Figure 63). Chicks remain on the nesting

ledges for an average of 21 days, during which time they grow

contour feathers. Chicks jump from the cliffs in late August

(Tables 16 and 17) at one quarter of their adult weight. Once at

sea, murre  chicks continue to be fed by a parent until independent.

Common Murres leave the Pribilof  cliffs by 10 September, although

they remain around the islands through fall and winter. During

these seasons, they outnumber Thick-billed Murres.
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TABLE 16

Phenology  of Common Murres  at St. Paul Island, 1975 - 1978

First egg observed

~lutch i n i t i a t i o n
X+s
N=

First chick observed

First fledging observed

1975

7 July

- - - - -

21 July

17A:1.2

3

- - - - -

- - - - -

* calculated from known hatching dates

1976

24 June

8  J1 ~8.1

61

24 July

2A~6.9

3

10 Aug

2 4  A +  7 . 3—

15

1977

21 June

14 J1*

14

22 July

14 A:6.O

14

28 Aug

2 s + 7.0.

1978

8 June

24 Jn:6.5

58

17 July**

2 5  J1 14.7

7

13 Aug

24 A+ 8.5—

17 11

23 June

5 July

21 July

7 Aug

17 Aug

27 Aug

* *  first Chick observed in 1979 was s e e n  2 7  JUIY
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Elue t o  t h e  u n c e r t a i n t y  in Common Murre d a t a  a n d  o u r  s m a l l

sample s i z e ,  w e  w e r e  n o t  a b l e  t o  d e t e r m i n e  w h e t h e r  t h e r e  a r e

p h o n o l o g i c a l  d i f f e r e n c e s  b e t w e e n  S t .  P a u l  a n d  S t .  G e o r g e  I s l a n d s ,

or if phenology  varies between years.

Daily Activity Patterns

We h a v e  l i m i t e d  d a t a  on t h e  d a i l y  a t t e n d a n c e  p a t t e r n s  of

Common Hurres. I{owever, their numbers appear to vary less during

the day than do those of Thick-billed Plurres  (Hickey and Craiqhead

1977). !.Je did not have access to a Common Murre nesting area where

birds could he marked and nest attendance patterns could be

investigated.

Productivity

Within our observational error, the productivity of Common

Murres averaged 0 .62 chicks  f ledged/egg la id  a t  s i tes  tha t  were

stud.

(Tab’

s i t e

ed with a minimum amount of observer-initiated disturbance

e 18). However, reproductive success varied from site to

depending on factors such as nesting ledge structure, numbers

of murres and the degree to which an observer could conceal

his presence. We suspect that productivity of the more typical

sites which we did not study may have been substantially higher

than our reported average due to the combined effects of low

nesting densities (Birkhead  1977) and observer disturbance.

Given the observational error and the effects of disturbance

on murre  productivity, alternative measures of murre nesting

success are the growth rate of chicks and chick jumping or departure

weights (Table 19). We analyzed growth rates and jumping weight

by year and by island using a two-way aria’ ysis of variance.
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TABLE 18

Reproductive success of Common Murres at minimum- distljrbance

sites, Pribilof  Is lands ,  1976 - 1978

!V.JMBER  OF EGGS

HATCHING SUCCESS

( c h i c k s  hatchedi
e g g  l a i d )

FLEDGING SUCCESS
( c h i c k s  f l e d g e d /
chick hatched)

REPRODUCTIVE SUCCESS
( c h i c k s  f l e d g e d /
egg laid)

PRODUCTIVITY
(chicks fledged/
mean no. adults
i n  t h e  s t u d y  a r e a )

ST. PAUL 1S. ST. GEORGE I S .

1976 1978 1978

16 76 10

.75 .72 .80

.75 .84 .87

.56 .61 ● 70

.16 .14 .26

OVERALL

102

.76

.82

.62

.19
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TABLE 19

Growth Rates and Fledging I/eights  of Common Murre Chicks at the

Pribilof  Islands, 1976 - 1978

1976

St. Paul Is.

S t .  George I s .

1977

St. Paul Is.

S t .  George I s .

1978

St. Paul Is.

St. George Is.

OVERALL

St. Paul Is.

St. George Is.

Growth l?ate ( g / d a y )

8.1:3.5  (5)

7.0~2.9 (4)

9.lfl.3 (9)

6.921.2  (3)

Fledging Weight  (g)

207.8  ~18.8 ( 5 )

182.3  ~13.l ( 4 )

192.4  :17.2 ( 1 1 )

162.3 ~ 21.7 (3)

site abandoned due to early disturbance

7.1:3.6  (?2) 165.1321.1  (12)

7.8~2.8 (33) 182.1  :24.2 ( 3 6 )

8.7~2.2  (14) 197.6  ~18.4 ( 1 7 )

7.0:3.1 (19) 168.3  ~20.2 (19)

*

167



The analysis of growth rates was not significant and explained

only 12Y of the observed var ia t ion , meaning that growth rates were

fairly consistent from year to year and there was no discernible

difference in growth rates of Common Nlurre chicks on the two

is lands . The analysis of jumping weight was significant, accounting

for 46 per cent of the observed variation. Common Murre chicks

on St. Paul Island had significantly higher jumping weights than did

2 = .29, P = 0.001).chicks on St.  George Island (Island Effect,  r

We would expect growth rates and jumping weights to be higher on

St. Paul than on St. George, due to the large number of murres on

St. George Island, where we would expect, and did find, competitive

depression of fledging weight. We do not know why growth rates

were similar on the two islands, or how fledging weights could

differ given that the chicks on the two islands left  the cliffs

at the same age.

As diving birds, murres  have access to food throughout much

of the water column. Under conditions of prey scarcity or

unfavorable surface conditions, murres might be expected to have

an advantage over surface-feeding seabirds. Murres  are not irmnune

to  the  ef fec ts  of  weather  and p r e y  s c a r c i t y  (Birkhead 1 9 7 6 ) ,  b u t

t h e y  should  b e  l e s s  vulerable t o  f l u c t u a t i o n s  t h a n  t h e  surface-

f e e d i n g  k i t t i w a k e s . T h e r e f o r e ,  w e  w o u l d  e x p e c t  p r o d u c t i v i t y  o r

other measures of reproductive success in murres to be less variable

on a year to year basis. At the Pribilofs, this appears to be

the case, as both species of kittiwakes  suffered a poor reproductive

year in 1978, while murres  were virtually unaffected by the

unusually high winds that year.
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T h i c k - b i l l e d  Mllrre (Uris lomvia)

Numbers

Thick-hi l led  Murres occur throughout the northern oceans

(Tuck 1960), compared to the Common Murre,  they have a more

n o r t h e r l y  d i s t r i b u t i o n . The Bering Sea supports an estimated

population of 4.9 million murres  (Appendix 1). Over 1.6 million

nest at  the Pribilof Is lands  (Hickey  and Craighead  1 9 7 7 ) .

St. George Island  harbors 1.5 million Thick-billed Murres and is

the largest murre colony in the Bering Sea, if  not the world. The

Pribilof  population of Thick-hilled

cent of the estimated population in

is probably also important in terms

this  species .

Murres accounts for 33 per

the eastern Bering Sea, and

of the world population of

Pelagic  Dis t r ibut ion

The pelagic distribution of murres is discussed under Common

Murres.

Diet

Thick-billed Murres obtain their food by diving, with dives

recorded as deep as 73 m (Tuck and Squires 1955). Compared to the

Common Murre, it has been suggested that Thick-billed Murres  may

forage at greater depths (Spring 1968) and at greater distances

from their colonies (Spring 1968, Swartz 1966). At the Pribil”ofs,

Thick-bi l led  Murres are freqently  found out to 105 km, foraging

over both the shelf and t h e  s h e l f  b r e a k .

F i g u r e  6 4  s u m m a r i z e s  t h e  major f o o d s

!“hrres o n  t h e  Pribilof I s l a n d s .  A l t h o u g h

u s e d  b y  T h i c k - b i l l e d

f i s h ,  p a r t i c u l a r l y  w a l l e y e

pollock,  were the principle component of the diet, invertebrates
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also figured s

quarter of the

gnificantly. Invertebrates made up roughly one

diet by volume, with amphipods occurring most

f r e q u e n t l y  ( F i g u r e  6 4 ) . Parathemisto libellula,  a  s h a l l o w - w a t e r

eastern shelf amphipod, was the predominant invertebrate.

Our data indicate that the diet of Thick-billed Murres  may

vary seasonally (Figure 65),  although the trend was not statistically

s igni f icant  us ing  the  median  tes t  (X

2 = 3.2, P z 0.1). Early

i n  t h e  b r e e d i n g  season, b e f o r e  e g g s  a r e  l a i d  a n d  l a t e  i n  t h e  s e a s o n

after chicks had fledged, invertebrates assumed an important role

in the diet and fish dropped from more than 70

by volume to under 30 per cent.  The heavy use

July and August probably represent preferential”

to murre  chicks . Early in the breeding season

per cent of the diet

of  f i sh  in  late

feeding of fish

the most common

invertebrates were euphausiids  and amphipods, but cephalopods

were the most common late in the season, if our  scanty  data  f rom

t h i s  p e r i o d  i s  r e p r e s e n t a t i v e .

Prehle  a n d  McAtee ( 1 9 2 3 ) ,  w o r k i n g  a t  t h e  Pribilof I s l a n d s

f o u n d  T h i c k - b i l l e d  M u r r e  d i e t  t o  b e  c o m p r i s e d  o f  4 9  p e r  c e n t  f i s h ,

26 per cent squid and 25 per cent crustacea (N = 6). However,

the dates of collection were not given, so we do not know whether

the differences between our data and theirs represent seasonal

differences, chance or a change  in diet. Swartz ( 1 9 6 6 ) ,  w o r k i n g

at Cape Thompson in the Chukchi  Sea, found that Thick-billed

murres depended  on  i n v e r t e b r a t e s  in addition to fish as they did

a t  the  Pribilofs. Again the principle fish was a gadid, ~. saida.

U n l i k e  T h i c k - b i l l e d  Murre diet at the Pribilofs,  the  pr inc ip le

invertebrates used at Cape Thompson were polychaete  worms. Searing
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(1977) obtained 12 stomachs with food from Thick-billed Murres

on St. Lawrence Island which were collected mostly in June. At

th is  t ime, invertebrates were the primary food source, with the

decapod Eualus  fabricii  and the amphipod  Anonyx nugax  occurring

most frequently. Fish were present in only three of the birds.

Apparently, fish is the principal food for Thick-billed Murres

in the North Atlantic Ocean and in the Barents  Sea. Tuck (1960)

reports that invertebrates made up 6 per cent of the diet in the

North Atlantic, while in the Barents Sea, invertebrates constituted

between 5 and 15 per cent of the d

and Tsujita (1977), working in the

variation in the diet  of Thick-bil

et (Belopol  ’skii 1 9 5 7 ) .  O g i

Okshotsk Sea found geographical

ed Murres.  Murres feeding over

the continental shelf fed primarily on fish, those feeding in

slope areas contained significant amounts of invertebrates in

addition to fish, while  those feeding over abyssal waters were

taking primarily euphausiids.

A comparison of the diets of the two species of murres

demonstrates clearly that Thick-billed Murres use more invertebrates

than Common !4urres. Swartz  (1966), Tuck (1960) and Ogi and

Tsujita (1977) as well as this study found similar patterns of

greater reliance on invertebrates by Thick-billed Murres than by

Common Murres. This conclusion agrees with that of Spring (1971)

drawn on the basis of morphology. No difference was found by

Belopol  ’skii (1957) in the percentage of invertebrates in the

diets of the two murre species in the Barents  Sea.

Ogi and Tsujita  (1977) examined the stomachs of 163 murres

c a u g h t  i n  h i g h  s e a s  gillnets  i n  t h e  e a s t e r n  B e r i n g  S e a  b e t w e e n
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June and August in 1970 and 1971. Since these authors did not

distinguish between the two murre  species, their data is of

limited value.  However, they did show that of 131 stomachs

containing food, 44 per cent contained fish, 26 per cent had

euphausiids  and 11 per cent had squid. On a per cent weight

hasis, fish were by far the most important prey taken. Species

of fish taken included walleye pollock,  sand lance and capelin.

T w o  s p e c i e s  o f  euphausiids were  used,  ~. raschii and ~. longpipes;

T. inermis,  the important euphausiid  at the Pribilofs,  was  not—

found.

Habitat

Thick-bi l led  Murres nest on narrow ledges on the face of sea

c l i f f s . In  the  absence  of  predators ,  they  will also n e s t  o n

low, rocky islands.

Phenology

Thick-billed Murres were present on the cliffs in large numbers

as early as 15 April (Preble and McAtee 1923). The first eggs were

laid in mid-June (Tables 20 and 21, Figures 66 and 67); the peak

of laying occurred around 27 June (Figures 68 and 69). Eggs were

incubated for an average of 34 days. Chicks were first seen around

21 July with the peak of hatching occurring around 30 July. Chicks

remained on the cliffs for about 22 days, during this time they

g r e w  c o n t o u r  f e a t h e r s . C h i c k s  j u m p e d  off the cliffs in the evening,

beginning in mid-August, and were accompanied to sea by a male,

presumably the father (Melody Roelke,  pers. comm.). The peak

of fledging occurred around 2 August (Tables 20 and 21). Females
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IABLE 20

P h e n o l o g y  o f  T h i c k - b i l l e d  M u r r e s  o n  S t .  P a u l  I s l a n d ,  1 9 7 5  -  1 9 7 8

FIRST EGG OBSERVED

CLUTCH INITIATION
x-s
N=

FIRST CHICK OBSERVED
w
--l
WI HATCHING

x-s
N=

FIRST FLEDGING OBSERVED

FLEDGING
Y-s
N=

1975

2 July

- - - - -

21 July

29 J1 26.6

23

12 Aug

28 AL 8.6

21

1976

17 June

30 Jn~7.8

123

22 July

3 1  J1 16.4

83

14 A u g

20 A + 6.0—

55

1977

14 June

24 Jn + 4.7—

109

22 July

30 J1 + 5.7—

34

11 Aug

17 At 2.5

48

1978

11 June

25 Jn~7.3

102

20 July

2 6  J1 24.8

50

11 Aug

18 A? 4.7

97

OVERALL

20 June

26 June

21 July

29 July

12 Aug

21 Aug



TABLE 21

Phenology  of Thick-billed Murres  on St. George Island, 1976 - 1978

1976

FIRST EGG OBSERVED 19 June*

CLUTCH INITIATION . 2J1 L9.8
x-s
N= 40

FIRST CHICK OBSERVED 23 July

HATCHING 3A~9.1
x - s
N= 26

FIRST FLEDGING OBSERVED 7 Aug

FLEDGING 27 A~8.3
x-s
N= 22

* back calculated from laying date

1977

14 June

29 Jn~8.2

53

20 July

5A+8.3

43

10 Aug

25 A~7.5

23

1978

15 June

23 Jn+_4.9

50

20 July

2!7 J1 ~5.O

36

9 Aug

19 A~7.2

69

OVER.ALL

16 June

28 June

21 July

2 Aug

9 Aug

24 Aug
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remained on the cliffs until early September (Melody Roelke, pers.

comm.)  Thick-bi l led Murres  h a v e  b e e n  f o u n d  a r o u n d  t h e  Pribilof

I s l a n d s  i n  s m a l l  n u m b e r s  t h r o u g h o u t  t h e  f a l l  a n d  w i n t e r  (Preble

a n d  McAtee  1923).

D a i l y  A c t i v i t y  P a t t e r n s

T h e r e  a r e  m a r k e d  d a i l y  a n d  s e a s o n a l  c h a n g e s  i n  t h e  n u m b e r s

o f  T h i c k - b i l l e d  Murres p r e s e n t  o n  t h e  c l i f f s ,  w i t h  m a x i m u m  n u m b e r s

f o u n d  d u r i n g  t h e  e g g - l a y i n g  p e r i o d  (Hickey  a n d  Craighead  1977).

During  i~ubation, m a x i m u m  n u m b e r s  o f  b i r d s  w e r e  p r e s e n t  o n  t h e

c l i f f s  a r o u n d  1 4 0 0  h  (Hickey a n d  C r a i g h e a d  1 9 7 7 ) .  M e l o d y  R o e I k e ,

working with known-sex birds on St. Paul Island, found that females

w e r e  p r e s e n t  o n  t h e  c l i f f s  i n  t h e  m o r n i n g  d u r i n g  t h e  c h i c k  p h a s e ;

males arrived in mid-afternoon and remained on the cliffs with

the young overnight (Figure 70, Roelke and Hunt 1978). Both sexes

shared chick brooding and feeding. Table 22 gives trip times

f o r  k n o w n - s e x  b i r d s  i n  1 9 7 8  (Roelke,  in Iitt.). In 1979, adults

frequently returned with fish in less than 20 minutes, although

samp’

t h a n

b e e n

e sizes were small, trip times seemed to be generally shorter

in previous years (Figure 71), suggesting that food may have

more plentiful in 1979.
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TABLE 22

Time spent away from the nest for known-sex Thick-billed Murres at

St. Paul Island, 1978 (M. I?oelke,  1978, in ?itt.).

MALES FEMALES

T R I P  L E N G T H  (hrs)

~~S (N)

All  Trips 3.1 ~ 2.2 (16) 1.3~1.5 (26)

Return with fish 2.3:2.3  (12) 2.6:2.1  (10)

Return  w;thout fish n o n e  o b s e r v e d 0.4:0.1 ( 5 )

Productivity

We estimate overall productivity of Thick-billed Murres

b e t w e e n  0 . 4 9  a n d  0 . 6 2  c h i c k s  f l e d g e d / e g g  l a i d  f o r  s i t e s  s t u d i e d

w i t h  a  m i n i m u m  o f  o b s e r v e r - i n i t i a t e d  d i s t u r b a n c e  ( T a b l e  2 3 ) .

The ranges in this estimate reflect the potential for chicks to

hatch and disappear from the nesting ledge  without our knowing

whether the chick successfully fledged. Hence, these ranges

reflect minimum and maximum productivity. AS with Common Murr=,

the productivity of sites not studied was prdbably  higher than

our estimate. Within our range of error, we are not able to

detect any difference in productivity betwe$~ St. Paul and St.

George Islands, or between productivity in the different years

studied.

As we found with Common Plurres,  growth rates and fledging

weights may be sensitive indicators “of ~l%e well-being of Thick-

billed Murre colonies .  In  Thick-bi l led  Murres, we find both yearly

differences in growth rates and fledging  wei@rts  as well as island
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TABLE 24

Growth Rates and Fledging Weights of Thick-billed Murre Chicks

at the Pribilof  Islands, 1975 - 1979

Growth Rate
(g/day)

Fledging Weight
(9)

1975

St .  Paul  Island

St. George Island

1976

St. Paul Island

St. George  I s l a n d

1977

St. Paul Island

St. George Island

1978

St. Paul Island

St”. George

1979

St. Paul Island

14.6  :3.3 ( 6 ) 215.0  j22.3 ( 6 )

11.713.1  (16)

6.0 ~ 3.0 (23)

218.6  :28.8  ( 1 6 )

147.8  ~ 26.0 (23)

12.2 ~ 3.1 (17)

7.9 ~ 3.2 (34)

194.6  ~19.5 (17)

159.9 ~ 23.9 (34)

14.8 ~3.O (16)

9.3 ~ 2.2 (25)

235.0 ~25.6 (16)

173.8 :21.4 (25)

8.25 :2.7 (15)*

* taken over a shorter interval
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differences (Table 24). Fledging weights and growth rates were

both lower  on St. George Island than St. Paul (Growth rates r 2

= 0.48, Island effects r z = 0.38, p = 0.0001, Fledging weight,

r2 = 0 . 5 8 ,  Island  e f f e c t s  r 2 =  0 . 4 8 ) . Among years, 1976 and 1977

were similar, while 1978 growth rates were higher (growth rates,

2 = 0 .10,  f ledging weights  year  ef fec ts  rz = 0 . 1 0 ) .year  ef fects  r

As expected, we see a competitive depression of growth rates and

fledging weights on St. George Island, even though chicks on the

two islands fledge at the same age. I t  i s  in teres t ing  tha t  Thick-

b i l l e d  Murres l i k e  C o m m o n  Murres  d i d  b e t t e r  i n  1 9 7 8 ,  w h i c h  w a s

a  p o o r  r e p r o d u c t i v e  y e a r  f o r  k i t t i w a k e s ,  s u g g e s t i n g ,  a g a i n  t h a t

f o o d  r e s o u r c e s  w e r e  m o r e  a v a i l a b l e  t o  murres  i n  t h a t  y e a r .

Parakeet Auklet (Cyclorrhyncus  psittacula)

Numbers

The distribution of Parakeet Auklets is centered in the Bering

Sea. Within this area, their colonies are ubiquitous but generally

small,  with an estimated population in the eastern Bering Sea of

5 3 0 , 0 0 0

Auklets,

probably

Appendix 1). The Prbilof Islands support 184,000 Parakeet

approximately 35 per cent of that population,which  is

an important part of the world numbers of this species.

Pelagic Distribution

The pelagic distribution o f  s m a l l  a u k l e t s  i s  g i v e n  i n  F i g u r e

72. Data for Parakeet, Crested and Least Auklets have been combined,

as the distribution patterns of these three species are very similar

around the Pribilof  Islands. Parakeet and Crested Auklets are

relatively scarce, when compared to Least Auklets. D a t a  f o r  a e r i a l

a n d  s h i p b o a r d  s u r v e y s  w e r e  c o m b i n e d  for  this analysis. A u k l e t s

1 8 7



Ji
ll,

er
1u

n
iiP

M
d

)3
J

H
JI

J1
1I

tii
l

!I'

aI
t

2IL'
P

E
JttH

Is
pudi

I
oflgrtI2

oil
II

A

U
'U

U
E

J2
r

2'
.

C
2P

i
!P

. .

:

188



were not attracted to ships,  and both methods of s u r v e y  p r o b a b l y

u n d e r e s t i m a t e d  t r u e  n u m b e r s  o f  s m a l l  auklets. These s m a l l  b i r d s

a r e  e a s i l y  o v e r l o o k e d ,  e s p e c i a l l y  w h e n  t h e y  a r e  p r e s e n t  i n  s m a l l

numbers. 4uklets  were concentrated close to the islands, and

s i n c e  NOAA s h i p s  w e r e  u n a b l e  t o  a p p r o a c h  t h e  i s l a n d s  c l o s e l y ,

t h e  d e n s i t y  o f  t h e s e  b i r d s  w a s  p r o b a b l y  u n d e r e s t i m a t e d  n o t  o n l y

b e c a u s e  o f  t h e i r  s i z e ,  b u t  a l s o  b e c a u s e  o f s a m p l e  d i s t r i b u t i o n .

I n  s p r i n g , s m a l l  auklets, t h e  m a j o r i t y  o f  w h i c h  w e r e  L e a s t

A u k l e t s , - w e r e  f o u n d  c o n c e n t r a t e d  iri t h e  v i c i n i t y  o f  t h e  i s l a n d s

a n d  n e a r  t h e  Pribilof  C a n y o n  a n d  t h e  shelf b r e a k . Small numbers

of Parakeet Auklets were seen near the islands, while virtually

no Crested Auklets  were recorded. I n  sumner,  m o s t  r e c o r d s  o f

a u k l e t s  c o m e  f r o m  w a t e r s  c l o s e  t o  t h e  i s l a n d s . Only Least  Aukle ts

were reported in high concentrations, and again, they occurred in

high numbers only close to the islands. Scattered records of all

three species occurred away from the islands, but the concentrations

of birds along the shelf break found in spring were absent. In

fall, our much lighter survey coverage failed  to reveal any areas

of major concentration of auklets. Rather, scattered birds were

seen over the shelf and along  the shelf break.

Examination of the histograms of Least Auklet distribution

around the islands reinforces the notion that auklets are

concentrated near the islands, becoming scarce at even moderate

distances from the islands during the breeding season (Figure 73).

This conclusion is strongly supported by the zonal  analysis (Figure

74), in which large numbers of small auklets  were seen within

the first zone around each island and very few beyond the 20 km
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Distribution of Small Auklcts by zones
near the Pribllof  Islonds  1975-1979 (ifs)*

/(m)) \Zone 7
oil

Lone I

c1

\ ‘1

A~JOVA  across a l l  zones,  F7 ~,54=10.870,  P= O.00001~

Horrmgeneous  subsets by m’odlfied  L S D  P r o c e d u r e ,  a=0,05

Subset 1 Zones 7,8,5,6,2,1,3
Subset 2 Zones 3,4

*rounded to v:hole  numbers

FIGURE 74
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r i n g . C o n c e n t r a t i o n s ,  a s  e x p e c t e d ,  w e r e  m u c h  g r e a t e r  a r o u n d  St=

George  I s l a n d  (blodified L S D  P r o c e d u r e ,  P  < 0.05).

Diet

Fig\lre 75 surrnarizes  t h e  m o s t  i m p o r t a n t  f o o d s  u s e d  by P a r a k e e t

Auklets  on the Pribilof Islands between 1975 and 1978. These

results can be compared with those of B~dard  (1969a) for St.

Lawrence Is land,  the only other Bering Sea location for which

extensive data exist on the food habits of these small auklets.

Data from the Pribilof Islands were gathered primarily during the

chick phase and represent gular pouch loads being brought to c h i c k s .

A t  t h e  Pribilof I s l a n d s ,  P a r a k e e t  A u k l e t s  u s e d  euphausiids

and polychaetes  extensively and made moderate use of fish larvae

and amphipods. The euphausiids, ~. inermis and~. raschii, were

the  pr imary prey  species ,  whi le  nereid worms (polychaetes)  were of

s e c o n d a r y  i m p o r t a n c e  ( F i g u r e  7 5 ) . Pollock w a s  t h e  m o s t  i m p o r t a n t

species of fish in the Parakeet Auklet  diet . However, fish were

less important than invertebrates, amounting to only 26 per cent

of the diet by volume.

B~dard  (1969a), at St. ‘Lawrence Island found Parakeet Auklets

to he feeding generalists, taking a wide variety of midwater and

epibenthic  prey, particularly calanoid  copepods, euphausiids  and

amphipods. On St. Lawrence Island, fish were only a minor component

of the diet, although Parakeet Auklets there consumed more fish

than Least and Crested Auklets. Comparison of data from the Pribilof

Islands and St. Lawrence Island show some important features of the

food habits of Parakeet Auklets. At both sites, Parakeet Auklets

take a wide var ety of plankton, invertebrates and fish larvae,
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allowing them to exploit both neritic and oceanic water masses.

This broad  diet, undoubtable accounts for their very widespread

distribution throughout the Bering Sea (Hunt et al. 1980b).

Plesti ng

Habitat

Parakeet Auklets nest in crevices and small caves in coastal

cliffs or in crevices between boulders in talus slopes or boulder

beaches. They nest in scattered pairs and are the least colonial

of the Bering Sea auklets.

Phenology

Parakeet Auklets are present on the Pribilof  Islands from

April  to the last week i n  A u g u s t . Our phenology  estimates suffer

from a small sample size due to the limited number of accessible

nes ts . T h e  f o l l o w i n g  i n f o r m a t i o n  i s  b a s e d  o n  6  n e s t s  f o u n d  i n

1976. Hatching occurred in the last week of July and we extra-

polated back from hatching dates to estimate that egg-laying

probably occurred during the third week of June, based on an

incubation period of 35 days (Scaly and Bddard 1973).  Chicks

fledged after about a month in the nest and apparently were

independent after fledging.

Daily Activity Patterns

Colony attendance patterns are quite variable in this species.

Hickey and Craighead (1977), working on St. George Island, found

auklet  n u m b e r s  w e r e  low i n  t h e  m o r n i n g ,  w i t h  p e a k  n u m b e r s  o c c u r r i n g

between 1500 and 2300 h, at least in August when the watches were

conducted. On St. Paul Island, we found low numbers in the morning,

with maximum numbers were found between 1100 and 1700 h during
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a watch on 19 July. On 26 July, peak numbers did not occur until

1500 h. Later in the season, on 13 August, maximum numbers of

auklets  on St. Paul were found at 2000 h.

Productivity

I n  t h e  6  n e s t s  s t u d i e d  i n  1 9 7 6 ,  f o u r  c h i c k s  f l e d g e d .  G i v e n

the inaccessibili ty of Parakeet Auklet nests to observers and to

predators, we could expect productivity to be relatively high

even though they lay a single egg. Two of the chicks in our sample

were weighed and growth rates of 11.0 and 10.6 grams/day were

obtained. F l e d g i n g  w e i g h t  for  one chick was 295 grams.

C r e s t e d  Auklet  (Aethia  cristatella)

Humbers

The breeding distribution of Crested Auklets  is centered

in the Aleutian Islands and Bering Sea. They nest on “oceanic”

is lands ,  typica l ly  in  la rge  c o l o n i e s . An estimated 1.2 million

Crested Auklets  occur in the eastern Bering Sea (Appendix 1).

T h e  Prihilof Is lands support  a  smal l  c o l o n y  o f  3 4 , 0 0 0  C r e s t e d

Auklets, which is an insignificant number when compared to the

large colonies on St. Lawrence Island and the Diomedes.

Pelagic 13istrihution

The pelagic distribution of Crested Auklets is discussed

along with that of the other species of auklets under the pelagic

distribution of Parakeet Auklets.

Diet

Cres ted  Auklets  obtain their prey by diving, perhaps to

40m (B<dard 1969a). At the Pribilofs, they are found foraging

within a few kilometers of their colonies. Here, they specialize
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on euphausiids, which constitute over 68 per cent of the diet

by volume (Figure 76). The most important species in the diet

w e r e  t h e  euphasiid  ~. inermis and  the  amphipod  ~. Iibellula.

Our few samples (N = 20) were mostly taken while auklets  had

chicks and represent stomach and gular pouch samples.

Comparative data for this species are available from the

studies of B6dard (1969a) and Searing (1977) on St. Lawrence

Is land. R6dard  (1969a)  found Crested Auklets  specialized on

Thysanoessa, as we found at the Pribilofs. In August,  1976,

Searing (1977) collected a small number of Crested Auklets and

f o u n d  calanoid  copepods  predominating in the diet  with l i t t le

use of euphausiids. Although  B6dard (1969a) found moderate

~Jse  o f  calanoid  copepods, they were conspicuously absent from

the diet of Crested Auklets on the Pribilofs.  On St. Lawrence

Island, there appear ‘to be substantial

in the species composition of the diet

1969a,  Searing 1977).  The di f ferences

seasonal and yearly shifts

of  Cres ted  Auklets  (Bddard

between our findings on

the Pribilofs  and data from St. Lawrence Island may reflect

seasonal or yearly differences, or they may represent real regional

variations in prey availabili ty.  More data are needed on the

diet of Crested Auklets  at the Pribilofs  before  conclus ions  can

be drawn.

@@lZ

Habitat

Cres ted  Auklets  nest in crevices and interstices between

boulders in talus slopes  and in boulder beaches and less frequently

in  crevices  in  coas ta l  c l i f fs .
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Phenology

Crested Auklets  are present on the Pribilofs  from April

to the middle of August. Me have no information on the phenology

of this species because no nests were accessible. The behavior

of this species prevented us from mist-netting large numbers

and following phenology  indirectly through changes in brood

patches ,  e tc .

‘tCrested Auklets were present on the colony in large numbers

at mid-day or late afternoon. The exact timing of peak numbers

is variable; in four counts during July and August, maximum

numbers were found as early as ?200 h and as late as 1900 h.

Productivity

The nests of Crested Auklets were equally inaccessible to

predators as they were to us. Although Crested

single egg we expect that their productivity is

because they are protected from predators and d-

driest.

L e a s t  Auklet  (Aethiayusilla)

Numbers

Least Auklets are endenr

the western Aleutian Islands

Sea Islands. The population

Auklets  lay a

re la t ive ly  h igh

sturbance a t  the

c to the Bering Sea. They nest in
#

as well as on the “oceanic” Ber”ng

of Least Auklets  in the eastern

Bering Sea is estimated at 4.5 million (Appendix 1); this estimate

does not include the vast numbers of Least Auklets  that nest on

Big I)iomede Island, which lies in Russian waters.  The Pribilof

Islands support a population of 273,000 Least Auklets (Hickey

and Craighead 1977) which accounts for only 6 per cent of the
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population in the eastern Bering Sea. The Least Auklet colonies

on the Pribilofs, although large, are probably insignificant

in terms of the Bering Sea and total numbers of this species.

Pelagic Distribution

The pelagic distribution of Least Auklets is discussed

along with that of other auklets under the pelagic distribution

of Parakeet Auklets.

D i e t

At the Pribilof Islands, Least Auklets are generally found

foraging within a few kilometers of the islands. They dive to

obtain their prey which consists primarily of copepods and

amphipods, at least when feeding chicks (Figure 77).

Comparative data for the diet of this species are available

from St. Lawrence Island

closely agree with those

for the chick phase. At

Least Auklets specialize

(B&dard 1969a, Searing 1977). Our data

of B~dard  (1969a) and Searing (1977)

this stage in the reproduct ive  cycle

on calanoid

auklet colonies on the Pribilofs  and

the same copepod, Calanus  marshallae

copepods. Apparently, the

St. Lawrence Islands depend

(B<dards’!

Frost 1974). Our data suggest that adults may

euphausiids  for themselves, while preferential”

young Calanus.

&. finmarchicus,

feed more on

y feeding their

B&dard  (1969a) found seasonal shifts in the prey taken by

Least Auklets. Early in the breeding season, the auklets  used

a wide variety of invertebrates, but in July and August, when

they had chicks, they switched to monophagy.  Unfor tunate ly ,

we do not have data on Least Auklet  diets early in the season.

./--———

on
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This information would be interesting to have, since we have

hypothesized (Hunt et al. 1980b)  that the auklets on St. Lawrence

Island depend on the arrival of Calanus  carried on currents from

the Bering Slope region. If this were the case, we would expect

Pribilof  Auklets to show heavy use of Calanus  early in the breedinq

seasons since these colonies are very close to the supposed source

of the Calanus.

Nesting

Habitat

Least Auklets nest in crevices in talus slopes and boulder

beaches and in cliff faces. On St. Paul Island, they nest in dense

colonies among the boulders below the surface of three rocky barrier

beaches (East Landing, Antone Lake, Salt Lagoon); others nest in

the  rocky rubble at the base of cliffs or in small holes in the

cliff face. On St. George Island, there are over a quarter of a

million Least Auklets. Half of these nest in an inland talus slope.

Phenology

Least Auklets are present on the Pribilof  Islands from

mid-April until the last week in August. We infer from the

presence of brood patches on birds collected in mist-nets, that

the first eggs are laid in early June (Figure  78) .  Incubat ion

in Least Auklets  lasts approximately 31 days (Scaly 1968).

During the second week of July, birds captured in mist-nets

had full gular pouches, an indication that they were bringing

food back for their chicks. Chicks fledge at about 30 days

of age, and most chicks have fledged by the middle of August.

After the last week of August, Least Auklets are uncommon on the
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water close by the Pribilofs, although a few late breeders may

remain into early September.

Daily Activity Patterns

In July, Least Auklets were present on the beaches in

maximum numbers at 1300 and 2100 h. T h i s  bimodal  p a t t e r n o f

attendance peaks was found consistently throughout July but

broke down in August, at which time attendance patterns became

qui te  var iab le . 13ecause of the inaccessibility of nests we

were not able to investigate nest attendance patterns.

Productivity

We were unable to obtain any information on productivity of

Leas t  Auklets  due to the inaccessibili ty of their nests.  Although

they lay a single egg, we would expect Least Auklets to have fairly

high productivity,  because their nests are inaccessible to predators,

with the exception of microtine rodents. Microtine  rodents are

a problem on St. Lawrence Island, and many Least Auklets chicks

are lost to them (Scaly and B<dard 1973). On the Pribilofs, the

only possible predators are the St. Paul Island shrew (Sorex

~ribilofensis)  and the Rlack-footed  Lemming at St. George Island

(Lemmus nigripes). We have no data on the impact, if any, of

these species on nesting auklets.

inaccessibili ty of nests precluded

growth.

As with productivity, the

the gathering of data on chick

Horned Puffin (Fratercula  corniculata)

Numbers

Horned Puffins occur throughout the Bering Sea, southern

Chukchi Sea and Gulf of Alaska. The eastern Bering Sea supports
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an estimated population of 200,000 (Appendix 1). The Pribilof

Islands have a population of 32,400 Horned Puffins (Hickey  and

Craighead  1977), 28,000 of which nest on St. George Island*  The

Pribilof  population of Horned Puffins accounts for approximately

16 per cent of the population on the eastern Bering Sea, but is

probably insignificant in terms of world  numbers.

Pelagic Distribution

The pelagic distribution of I{orned Puffins in the vicinity

of the P~ibilofs  is given in Figure 79. Air and ship surveys

are combined to give the best possible coverage of this relatively

scarce species. No figure is presented for spring, as virtually

no Horned Puffins wereseen in the study area at this season.

In summer, }{orned Puffins were spread fairly evenly over the

water to a distance of 40 or more km from the islands. In the fall

our surveys suggest that the birds are more concentrated near the

islands than in sunmer.  Examination of the histograms of

distribution around the islands provided li t t le information of

value due to the uniform and extremely low densities of this

species around the islands. Therefore, histograms for this

species are not included. Zonal analysis of Horned Puffin

distribution (Figure 80) show somewhat elevated densities near

the breeding islands, and extremely low densities away from the

islands (Modified LSD Procedure, P < 0.05). Horned Puffins appear

to spend relatively more time near the islands than Tufted Puffins.

Diet

Horned Puffins obtain their prey by pursuit diving. During

the breeding season, they forage near their colonies,  often within

2 km of shore (Wehle,  in prep.).
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m CCI 
I 

7
. .

Distribution of Horned Puffins by zones
near the Pribilof Islands, 1975-1979 (Xts)*

/

A’ \

AN@/A across  all zones, ‘7,2152 ‘24”861? ‘=0”0000’
Homogeneous subsets by modified LSD Procedure, a=O.05

Subset 1 Zones 8,7,6,5,1,2
Subset 2 Zones 1,2,4
Subset 3 Zone 3

*rounded to whole numbers

FIGURE 80
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Figure

Pribilof  Is”

food source

81 summarizes the foods used by Horned Puffins at the

ands between 1975 and 1978. Fish were the principal

with shallow-water, subtidal  forms predominating.

In addition, Horned Puffins made moderate use of a variety of

inver tebra tes . Preble  and McAtee (1923) reported the use of isopods

at the Pribilofs in their sample of a single Horned Puffin. We

found evidence  tha t  young  are preferentially fed fish, particularly

Hexagrammos  and Ammodytes. We frequently observed Horned Puffins

returning to their nests carrying squid, although squid did not

occur in our recovered bill-loads.

Swartz  (1966) provided data on eight full stomachs of Horned

Puffins collected at Cape Thompson in the Chukchi  Sea. Fish were

found in six of the stomachs and invertebrates in five. Of the

fish, gadids were most common, and polychaetes  dominated the

inver tebra tes . Given the small sample size, i t  is difficult  to

judge the significance of these data, but Horned Puffin diets

at Cape Thompson appear less dominated by inshore, subtidal

forms than Horned Puffins diet at the Pribilofs.

!!Qm
Habitat

On the Pribilof Islands, Horned

crevices in cliff faces and secondar

beneath  c l i f fs . Horned Puffins nest

Puffins nest in natural rock

ly in talus and boulder rubb”es

in association with other

cliff and crevice-nesting seabirds rather than in the large, single-

species colonies typical of their congener,  the Common Puffin.

Phenology

I{orned Puffins were present on the Pribilof  Islands from

May to October. Egg-laying occurred between mid-June and mid-July.

207



W
=

28
2V

V
4bE

2
o\0

O
C

C
flE

10E
'

Dboq irlqm4

IL
o
1-
kl
5

ld
x
i-
IL
0
m
1-
Z
Id
z
0

%
0
u

U7
z
IL
IL
a
(1

c1
w
z
Cz
0
z

uopoqo!~i  WW?JA

sDjwo& sWs~J~44V

. . . . . . . . . . . ...%.... :.:. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,:,:-...  . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . .,., . , ,,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,,.,., , .,..,. , .!: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
!Ja//a~s sOwwDJbOxa~

DWWLU60WDW DJ6DJ@q~
\

smo/~M sn@/lDW

I-lsld
-m’ I

n

3
0
>

0*

El.,,,.,.,::..: :.\.:.:.:.::.:.,., . . . . .

I

1. . . . . . .::! :~.. ::::::.:.:.::::::. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .

~lq!PUD~ D~QdoJqVt/

4:::::::::.::::/. : . . .
aDp!aJaN

S31VM831U3ANI  7W ~~~w~,::.:::::.:.  . . . . . . . . . . . . . . . . . . . . . . . . .

I I 1 I
U) o LO o

0 t- I.n ml
Q

IA

208



Eggs were incubated for approximately 42 days (Sea

laying dates were calculated from a known hatching

The first chicks were seen in late July (Table 25)

y 1973). our

date (Table 25).

and hatching

continued into early September. Puffin chicks fledge at ahout

42 days of age (Scaly 1973). Using these data and projecting

from kncwin  hatching dates, the last chicks  in our study areas

should then have fledged by mid-October. Horned Puffins nests

were checked only  once a week in 1975 and 1976, and less frequently

in 1977.. Any differences in phenology  less than 10 days should

be interpreted with caution.

Daily Activity Patterns

Hickey and Craighead  (1977) found a bimodal pattern of colony

attendance in this species on St. George Island, with maximum

numbers occurring around 1200 and 1900 h. On St. Paul Island,

however, we found a unimodal pattern of colony attendance, with

a single peak in the afternoon occurring between 1500 and 1800 h.

The exact shape and timing of this peak varied through the

breeding season.

Incidental information on nest attendance was taken on

one nest in August of 1979. Trips away from the nest averaged

1.6 ~ 1.1 hours (n = 8 trips) and adults brought food back a t

a rate of 0.36 feedings/daylight hour.

Productivity

We estimate that Horned Puffins on the Pribilof Islands

normally fledge 0.8 chicks/egg, as seen in 1977 (Table 26).

The lower productivity seen in 1976 and 1975 probably reflects

the higher degree of disturbance during the egg phase caused by
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“ TABLE 25

Phenoloqy  o f  Horned pilffins  o n  St. paul Islands 1975 -  1977

FIRST EGG ORSERVE!I

FIRST Ct{ICK ORSERVED

HATCHING
x~s ( N )

FIRST FLEDGING OBSERVED

1975

25 June**

8 J1 ~ 8 .5
(11)

28 July

19 A&8.8
(11)

9 Sept

22 s~7.9
(5)

1976 1977

14 June** 15 June

28 Jnf13.9 29 Jn~7.9
(6) (4)

31 July 3 August

30 A~14.3 10 A ~ 7.9
(6) (4)

none fledged 3 Sept
by 16 Sept

18  S~13.9+  9 S + 6.5
(6) ( 4 )  -

* back calculated from hatching using a 42 day incubation period
(Scaly 1973).

** observed on first nest check

+ calculated from hatching using a 40 day nestling period

,’
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TABLE 26

~eprodllctive  Success of Horned Puffins on St. Paul Island,

1975-1977

1975 1976 1977

NUMBER OF NESTS 11 25 10
MITt{ EGGS

HATCHING SUCCESS 1.00 0.56 0.90
(chicks hatched/
egg laid)

FLEDGING SUCCESS o.45- 0.79 0.78-
(chicks fledqed/ 1.00 0.89
chick hatched)

PRODUCTIVITY o*45- 0.44 0.70-
(chicks fledged/ 1.00 0.80
egg laid)
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regular nest checks. ldehle (in prep.) states that Horned Puffins

are very sensitive to disturbance at the nest during incubation,

with disturbance often resulting in lowered productiv~ty  or

deser t ion .

Growth rates allow a comparison of productivity between years

without regard to disturbance. Puffin chicks grew at an average

rate of 11.5 grams/day [Table 27). No significant differences

were found in growth rates among years (T test, 1975/1976 T14 =

1.03  P  =  .3 ,  1976/1977,  T12 = 0.42,  p = ● 6, 1977/1978s  ‘6 = 0“46s

P = .7) .

TABLE 27

Growth Rates of Horned Puffin Chicks on St. Paul Island, 1975 - 1978

(9/W)

1975 11.131.3  (8)

1976 1 2 . 0  : 2 . 1  ( 8 )

1977 1 1 . 5  : 2 . 3  ( 6 )

1978 1 0 . 7  : 0 . 6  ( 2 )

Tuf ted  Puff in  (Lunda cirrhata)

Numbers

The distribution of Tufted Puffins is centered in the Aleutian

Islands and northern Gulf of Alaska. An estimated 1.4 million

Tufted Puffins occur in the eastern Bering Sea (Appendix l). A

population of 7,000 nests on the Pribilof Islands; this population

is probably insignificant in terms of Bering Sea and world numbers.
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Pelagic Distribution

The pelagic distribution of Tufted Puffins is given in

Figure 82. Even though this species tends to approach and circle

ships, data from shipboard and aerial surveys were combined to

give the best indication of distributional patterns.  However,

because of the tendency to follow ships,  the densities i l lustrated

may be somewhat exaggerated.

In spring, relatively few Tufted Puffins were seen, and the

largest concentrations were distant from the islands. In summer,

low densities were seen both close to and far from the islands.

Although the zonal analysis (Figure 83) shows a significant

increase in density around the Pribilofs (Modified LSD Procedure,

P < 0.05), neither the plot of density (Figure 82) or the histograms

( not shown) show of an area of marked concentration around the

is lands . Rather, Tufted Puffins appear to have relatively uniform

dis t r ibut ion  f rom the  Pribilof  Islands out to at least 80 km. In

fall, some indication of aggregations of higher density were found

near the shelf break and in the outer shelf domain (Figure 82).

Diet

Tufted Puffins obtain their food by diving, and their pelagic

distribution indicates that they are primarily offshore feeders

at the Pribilofs. The diet of Tufted Puffins at the Pribilofs

between 1975 and 1978 is summarized in Figure 84. Fish made up

the major portion of the diet; walleye pollock  represented close

to one-half of the fish taken. Inshore, subtidal species,

predominant in the diet of Horned Puffins, were absent from the

d i e t . Nereid worms (Polychaeta)  were the predominant invertebrate

in Tufted Puffin diets at  the Pribilofs.
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Distribution of Tufted Puffins by zones
near the Pribilof  Islands, 1975-1979 (ifs)*

\

\

\

1
Zone
Otl

\

7

\

me 3

/ /

\-‘ ?/
\ A 9fm m
\ ‘\

---
ANOVAocross  all zones, F7,2,5,  =4.752, P= O.00001
Homogeneous subsets by modified LSD Procedure, a =0.05

Subset 1 Zones 7,8,5,1/5,2
Subset 2 Zones 1,6,2,4,3

*rounded to whole numbers

FIGURE 83
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Information on Tufted Puffin diets from elsewhere in the

Bering Sea and North Pacific is surmnarized by Wehle (in prep.).

Unpublished data from Sanger  (U.S. Fish and Wildlife Service,

Anchorage, Alaska) supports the contention that in the south-

western Bering Sea gadids,  particularly walleye pollock,  are

important in Tufted Puffin diets, as are nereid worms and sand

lance.

Nestinq

Habitat

on the Pribilof Islands, Tufted Puffins nest in burrows

which they excavate in grassy slopes, generally surrounded by

s teep sec t ions  of  c l i f f . On fox-free islands, Tufted Puffins

are not l imited to cliffs,  but will  burrow in any grassy area.

Phenology

Tufted Puffins are present on the Pribilof  Islands from May

to October and possibly later. No nests were accessible to us

and the behavior of these birds prevented their being mis t -ne t ted .

Our information from collected birds and observations suggest

that Tufted Puffins begin bringing fish back to the burrows near

the end of August; the first observation was on 31 August. Tufted

Puffins carrying fish became more common in early September. These

observations suggest that Tufted Puffin chicks do not hatch until

l a t e  Auqust. If this is the case, then laying would occur in

mid-July and chicks would not fledge until mid-October.

Daily Activity Patterns

Tufted Puffins showed a bimodal pattern of colony attendance

in July, with a peak of attendance in the morning, around 0700,
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and a peak in the evening, between 1700 and 2000 hours (Hickey

a n d  Craighead  1977). Our watches in August found attendance was

much more variab~e. Other investigators have found complex

patterns of colony attendance in this species, with 3 to 4 day

cycles of maximum numbers (Wehle 1978). Our study of attendance

was not detailed enough to determine whether puffins on the

Pribilofs  also showed such intricate patterns.

Productivity

We have no data on the productivity of Tufted Puffins on

Pribilof  Islands, due to the inaccessibili ty of their nests.

Tufted Puffins seem to be more vulnerable to fox predation than

Horned Puff ins .  In surveying  fox dens, Tufted Puffin carcasses

were common, whereas only one Horned Puffin carcass, out of

approx

ohs . ) .

slopes

mately 60 puffins carcasses, was found (Zoe Eppley,  pers.

Me also frequently observed foxes traversing the gentler

in which Tufted Puffins nested.

we would expect Tufted Puffins to have

mortali ty of both adults and nestlings

,.

.,.:
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DISCUSSION

Reproductive ecology and variability

In comparing the productivity of the Pribilof  colonies

to other colonies in the Bering Sea, i t  is  useful to put the

productivity of Bering seabirds in a broader perspective. In

particular, for some marine bird species with multiple egg clutches,

populations in the North Pacific and North Atlantic have been

found to have larger clutches, faster chick growth rates, and

greater ‘reproductive success than populations of the same species

in the Sering Sea (Hunt et al. 1980h). Species for which this

generalization appears to hold include Pelagic Cormorants,

Glaucous-winged Gulls and Black-legged Kittiwakes.

Several factors may interact to cause depression of the

productivity of marine birds in the Bering Sea. First, a n u m b e r

of the Bering Sea colonies are larger or denser than other northern

hemisphere seabird  colonies, and the potential  for competit ive

depression of growth rates and productivity may be greater in

large colonies. A second difference between the Bering Sea and

the North Pacific and North Atlantic is sea temperature. The

Bering Sea is much colder, and the energetic costs of survival

are l ikely to be  grea ter . Third, in the southeastern Bering Sea,

frequent storms and bad weather may reduce the productivity of

b i rds  by  in ter fer ing  wi th  the i r  ab i l i ty  to  obta in  food.  In

c o n t r a s t  t o  t h e  s o u t h e a s t e r n  B e r i n g  S e a ,  i n  t h e  n o r t h e a s t e r n  B e r i n g

Sea,  weather  is  genera l ly  good,  but  f o o d  r e s o u r c e s  a p p e a r  t o

fluctuate greatly in abundance from year to year.  Productivity

in the northeastern colonies appears to depend on the migrations
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of fish schools into waters near the colonies. When food is

a v a i l a b l e ,  p r o d u c t i v i t y  in  these  co lonies  i s  as  h igh  as  in  the

colonies  outside the Bering Sea. In other years,  productivity

is extremely low. Productivity of marine birds which lay a

single egg, including the alcids  and the Northern Fulmar, appears

to be more consistent both within the Bering Sea and between

the Bering and other regions than for species with multiple-egg

much less information on the alcids

premature.

c lu tches . However, we have

and such conclusions may be

Within the Bering Sea, our best comparative data are for

Black-legged Kittiwakes. This species has been studied at the

Pribilofs  for five years, at Bluff in Norton Sound for 4 years

and at Cape Peirce on the coast of Bristol Bay for 2 years. At

Cape Peirce and Norton Sound, Black-legged Kittiwake productivity

shows large fluctuations, ranging over as much as 3 orders of

magnitude in 3 years. At the Pribilofs, kittiwake  p r o d u c t i v i t y

is more. stable. At Norton Sound, fluctuations in productivity

appear to he caused by changing food supplies. These colonies

depend on the migration of schools of sand lance (Ammodytes)

into waters near the colonies. When large schools of fish are

present, productivity is the highest seen in the Bering Sea

(Hunt et al.  1980b). In years when the fish schools do not

approach the colonies, productivity is abysmally low.

The interpretation of fluctuating kitt iwake productivity at

C a p e  Peirce is less certain, as there are no data on the foods

used by Black-legged Kittiwakes  at this colony. In addition,
$

only 2 years of productivity data are available, so we do not
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know whether the low productivity seen in 1977 was a rare

o r  freqllent  occl]rrence. However, an important Herring spawning

and nursery area is located near Cape Peirce, and the location

of spawning is affected by the southern limit of the ice-edge and

sea temperature in the spawning season (F. Favorite, pers. corn.).

It is poss ib le  tha t  the  observed  f luc tua t ions  in  product iv i ty

of Black-1egged Kittiwakes at Cape Peirce are also food related,

and depend on the location of fish spawning areas and indirectly

on weath:r.

At the Pribilofs,  fluctuations in kitt iwake productivity

appear to be caused by weather. Speci f ica l ly ,  product iv i ty  i s

depressed in years of unusually strong winds. During periods of

high winds, food delivery to young may be reduced while energetic

demands for survival are increased. In these periods, sihlicide

is  increased (Braun, in

There are at least

Kittiwakes  show smaller

elsewhere in the Bering

prep).

two reasons why Pribilof  Black-1egged

fluctuations in productivity than kittiwakes
(

Sea. First,  the Pribilofs  are  loca ted

in one of the richest regions of the Bering Sea with large fish

and zooplankton  resources which, because of a multiplicity of

year classes and apparently stable distribution patterns,  provide

consistent food resources. This abundance of food encourages

high and stable productivity. Second, the consistently poor

weather of the region interfers  with the adults abili ty to deliver

food to young at a rate sufficient to insure the survival of

two young. The net result of these two opposing <

relatively stable but moderate level of productiv

actors  i s  a

ty ●
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At present ,  the only other species for which sufficient

data exists to allow a comparison of productivity within the

Bering Sea are the two species of murres. Fluctuations in murre

productivity were not as pronounced as in kittiwakes, par t ia l ly

because  murres  lay only a single egg and the potential for

var ia t ion  i s  less .  In  addi t ion ,  the  insens i t iv i ty  of  our  measures

of murre reproduct ive  success  prec lude  de tec t ion  of  smal l

fluctuations in productivity. Because we did  not find parallel

fluctuations in kittiwake  and murre  productivity,  and because

we lack adequate data for other species, we are not confident

about generalizing from kittiwake data to the reproductive status

of other species of marine birds.

Having

of northern

position to

placed the Pribilofs within the broader perspective

hemisphere and Bering Sea colonies, we are now in a

compare productivity on St. Paul and St. George

Is lands . When we look at various reproductive parameters such

as clutch size, growth rates, and fledging weights, many species

showed larger values for their population on St. Paul than for

their population on St.  George. Rarely,

manifested in lower productivity for the

These two islands are similar in weather

these differences were

population on St. George.

and location, except

St.  George is closer to the rich foraging waters of the shelf

break. Hence we might have expected birds to have done better

there. One major difference between the two islands is the

amount of cliff space; St. George Island  has more space for

cliff-nesting birds than St.  Paul.  The greater cliff area o n

St. George Island accounts for the seahird  population being ten
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t i m e s  larger t h e r e  t h a n  o n  S t .  P a u l  I s l a n d .  T h e  l a r g e r  n u m b e r s

nestinq  on St. George Island  increase the potential  for competition

in the waters near the island. We believe that clutch size,

growth rates and fledging weights for some species are depressed

on St. George Island relative to those on St. Paul Island due

to competition among birds foraging near their colony. Although

productivity is not depressed, lower fledging weights may reduce

post-fledging survivorship (Lack 1966) and thus affect population

dynamics.-

Trophic Dynamics

Within the Bering  Sea, there are few studies which combine

seabird productivity studies with studies of food webs used by

the  b i rds . Me have suggested how the size and location of prey

populations may enhance or depress productivity in the colonies.

Knowing the prey taken by seabird communities, and the stability

of these prey resources is an integral part of understanding

the natural fluctuations in seabird productivity and populations.

Although our knowledge of the”dynamics  of the prey populations

on which the Pribilof seabirds depend remains scanty, we do

know something about the prey types taken and the flexibility

of  seabi rd  d ie ts .

As stated previously, the Pribilof  Islands lie within a

particularly rich region of the Bering Sea. The Outer Shelf

Oomain (Figure 85) is known for its large populations of fish and

p l a n k t o n ,  a s  well  as for i ts high diversity of speices.  D e s p i t e  a

wide variety of food resources, the Pribilof  seabird colonies a s

a whole rely on comparatively few prey species (Figure 86).
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Considering the diet of the species, without compensation for

bird biomass or residency time, we find that 84% of the seabird

community diet is fish and 16% is invertebrates. The single

most important prey species is walleye po?lock,  followed by

Thysanoessa, Parathemisto, Calanus  and myctophids. If we weigh

the percentages of prey taken by the different seahirds  by the

biomass of the birds and the residency times of their populations

at the Pribilofs, pollock  makes up 41% of the food consumed, P.—

libellula  makes up 8%, and euphausiids  account for 6% (Table 28).

Although myctophids, euphausiids  and cephalopods together are

only a small portion of the biomass consumed by Pribilof  seabirds,

they relist be seen as critical foods because they are of major

importance to one or more species.

The emphasis of the bird community as a whole on a single

prey species, walleye pollock,  would seem to make the community

particularly vulnerable to prey shortages. We have looked at

the year classes of pollockt  aken by Black-1egged Kittiwakes

a t  the  Pribilofs. This species takes as many as 3 different

year classes of pollock  at the beginning of the nesting season,

but as the season progresses and young-of-the-year pollock  become

available,  kitt iwakes increasingly select a single year class

(Figure 38). Black-legged Kittiwakes  may reduce their

vulnerability to pollock  shortages by spreading their consumption

over three year classes. If pollock  reproduction was poor one

year, Black-legged Kittiwakes would be forced to take older

a n d  larger fish. Other seabirds which rely on pollock  may also

use  th is  s t ra tegy. Murres and puffins carry bill loads of whole
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Table 14. A comparison of bird nest densities on a mainland tundra plot and a barrier island
tundra plot in the Simpson Lagoon-Jones Islands area of Alaska (1977-1978).

—-

Pingok  Plot 2 (0.300 km 2) Milne  Pt. Plot (0.250 km 2)
,

1977 1978 1978

Species #Nests  Densi ty*  Fates #Nests Density Fateg #Nests D e n s i t y  Fate$

Pintail
King Eider
Spectac le  Eider
Baird’s Sandpiper
Dunlin
$emipalmated  Sandpiper
Buff-breasted Sandpiper

E Pectoral Sandpiper
4 American Golden Plover

Lapland Longspur

1 4.00 +
1 4.00 +
1 4.00 +
2 8.00 +

+ 1 4.00 +
+ 1 4.00 +

4.00 +
; 4.00 +
1 4.00 +

+ 5 20.00 +

15+ 60.00

3 10.00 6.67
6.67

8 26.67 5+ 2 6.67
—

20.01TOTAL 11 36.67 6

*All densities are per km 2.

‘Within a linear distance of approximately 2.50 km E and 0.25 km S, W and N of the Milne  Pt. tundra plot,
an additional 18 nests were recorded. These included nests of the arctic (1) and red-throated  (1) loon,
w h i t e - f r o n t e d  g o o s e  ( l ) ,  k i n g  e i d e r  ( 2 ) ,  s p e c t a c l e  e i d e r  ( 2 ) ,  dunlin  (l), oldsquaw  (2), Sabine’s  gul l  (4) ,
arctic tern (3) and snow bunting (l). No additional nests were either observed or suspected in areas
similarly adjacent to the comparable tundra plot on Pingok Island. All densities are per km 2.

5 During 1978, no evidence was found of predation or desertion of nests on mainland or barrier island tundra
plots;  apparently all  of these nests were successful. During  1977 all three dunlin  nests were destroyed
by predators and three of the eight longspur nests were destroyed by predators.



fish to their young and may be unable to utilize the’ larger

pollock  for feeding their young. However, adults may consume

them on the feeding grounds. Thus, depsite heavy reliance on a
,

s ingle  prey  species ,  Pribilof  seabirds  are able to reduce the

effects of ocsillations  in prey availabili ty by spreading their

consumption over several year classes; this adaptation may,

to a

Prib

d i e t

large degree, account for the stable productivity at  the

lofs.

Although seabirds show a considerable amount of overlap in

this overlap does not preclude resource partitioning among

the species. Figure 86 diagrams the diets of seabirds  at the

Pribilofs. Species with similar morphology and foraging methods

might be expected to show the greatest similarities in diet.

However, if we compare the diets of Black-legged and Red-legged

Kittiwakes, we see that their major prey are different; Red-

legged Kittiwakes depend on myctophids while Black-1egged

Kittiwakes depend on pollock. Common and Thick-billed Murres

share pollock  as their major prey species,  but Thick-billed

Murres  are  less

Parathemisto i s

Murres. Horned

dependent on fish than Common Murres, and

the second most important prey for Thick-billed

and Tufted Puffins also show major differences

in diet; the primary prey of Horned Puffins are hexagrannnids,

while Tufted Puffins rely on pollock.  Although Black-legged

Kittiwakes, murres and Tufted Puffins all  share pollock  as their

primary prey, these species forage at different t imes, locations

and have access to different portion of the water column, thereby

reducing competition.
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The three species of auklets stand out among the Pribilof

seabirds  because  pollock  is not an important part  of their diet.

B6dard (196Pa)  has found major differences in the sizes of prey

and taxa of prey taken by

Island. Me found similar

Fish are virtually absent

Auklets, while fish are a

Auklets. Crest~d  Auklets

these three species at St. Lawrence

differences in the diets of the auklets.

from the diets of Least and Crested

significant part of the diet of Parakeet

depend on euphausiids  as their primary

prey but the major prey for Least Auklets are calanoid  copepods.

!dhere substantial  overlap occurs in the diets of the auklets,

they further partition resources by taking generally different

sizes of prey. In general,  Parakeet Auklets  take the largest

prey while Least and Crested Auklets take the smallest prey.

For the prey taxa which both Least and Crested Auklets take in

large numbers, Least Auklets tend to take smaller individuals

than Crested Auklets.

Although prey resource partitioning appears to predominate

at the Pribilofs, multi-species foraging flocks are seen around

the islands in sumner.  Local concentrations of prey at the

surface are spotted by Black-legged Kittiwakes,  and other species

soon join the melee. Me have seen multi-species foraging flocks

composed of up to eight different species. These foraging flocks

are only found within a few km of the islands, usually within

sight of the colonies, and are conspicuously scarce away

the  i s lands .

The previous discussion has portrayed seabird diets

and irmnutable,  when,

from

as fixed

n fact we find substantial evidence of
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opportunism among Pribilof  seabircls. For Black-1egged Kittiwakes,

Red-1egged Kittiwakes,  Common and Thick-billed Murres, we have

enough data on their diets to compare years. For all these

species, we find an increased use of pollock  in 1977 and 1978

compared to previous years. This increase of pollock  in the

diet accompanied an increase it

1977 and 1978 relative to 1975

1979). In both 1977 and 1978$

during a-crit ical hatching per”

the  ava i lab i l i ty  of  pollock  in

and 1976 (Table 29, from Smith

due tothe absence of storms

od for pollock,  there were strong

year-c lasses  produced (Coone,y et al. 1978).  Figure 87 shows

that the distribution on young pollock  in the eastern Bering

Sea is clustered around the Pribilofs (Smith 1979).

TABLE 29

Indices of relative abundance of Pollock  age classes, measured by

NMFS Crab-Groundfish  research vessel  surveys within a central area

of the eastern Bering Sea during June to mid-August, 1975 - 1978

( 1 06 individuals per 159,000 km 2) (from Smith 1979).

Age Classes (yr)

Year 1

1975 758

1976 729

1977 2242

1978 1171
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Pelagic Distribution

The pelagic distribution of birds is influenced by many

fac to r s : the location of oceanic regimes and their associated

food webs, the size of seabird populations and the magnitude

of competition, the predictabili ty and variety of resources

and the energetic constraints of species which may limit their

t ravel ing  d is tance  f rom nes t ing  s i tes .  At  the  Pribilofs,  most

birds are found within 100 kmof the islands (Figures 88-90).

But within this region, there are distinct differences in the

distributional patterns of species. Least, Crested and parakeet

Auklets are commonly found within 20 km of the islands, but are

rare outside this zone. The  radia l  d is t r ibut ion  of  murres is

intermediate. Murres are concentrated within 50 km of the islands,

out to 100 km. This area appears to be particularly

foraging area for a number of species.

except for east of St. Paul Island where high densities of murres

are found

important

Northern Fulmars,  Red-legged Kittiwakes and Black-legged

Kittiwakes forage at considerable distances from their colonies.

Northern Fulmars  and Red-legged Kittiwakes are generally

concentrated near the shelf break, while Black-legged Kittiwakes

are evenly distributed over the ocean within 150 km of the islands,

except for their short-term participation in foraging flocks.

In summary, the critical foraging areas that support the

Pribilof Island seabird colonies are the ocean areas within

50 km of the islands, the shelf break to the south and east of

St.  George, and east of St.  Paul where murres  forage in large

numbers. These areas and the food resources within them should

receive protection.
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SUMMARY

OCSEAP studies have shown that the Pribilofs, par t icular ly

St. George  Island, are among the largest and most diverse scab

colonies in the Bering Sea. Comparative data on the reprocfuct

success of seabirds nesting in the Bering Sea exist for Common

and Thick-billed Murres, Horned Puffins and Black-legged

Kittiwakes. Productivity of the first three species at the

rd

Ve

Pribilofs  is  s imi lar  to

Peirce, -with relatively

c o n t r a s t ,  p r o d u c t i v i t y

that found in Norton Sound and at Cape

m o d e s t  y e a r  t o  y e a r  v a r i a t i o n .  I n

of Black-legged Kittiwakes  nesting at

Bluff in Norton Sound and at Cape Peirce is typi’fied by boom and

bust years, with reproductive success varying over orders of

magni tude .  Product iv i ty  of  Pribilof  kittiwakes  differs from this

pattern in that they have moderate and fairly stable success.

The location of the Pribilof  Islands, close to the shelf

may be critical for support of not only the large popula t ions

break

of

seabirds,  but also their moderate and steady level of reproductive

success. Between the shelf edge and the Pribilofs, shelf and oceanic

faunas merge into a diverse and complex community (Motoda  and

Minoda 1974), combining the zooplankton resources of the shelf-

edge with the vast fish populations of the shelf.  The birds of

the Pribilof  Islands rely on the few dominant species of this

unique food web. Walleye Pol’

f i s h ;  Thysanoessa  raschii, a n

libellula,  a n d  amphipod  inhab”

ock  (Theragra chalcogramma),  a gadid

oceanic  euphausiid,  and Parathemisto

ting the shelf,  account for 41, 6

and 8 percent, respectively of the prey tdken  by

Most foraging by seabirds is concentrated within

Pribilof seabi rds .

100 km of the
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islands, a reflection of the proximity of rich food r e s o u r c e s .

In many cases, immense flocks of seabirds  are found on the water

within a few kilometers of the islands.

Implications for Management

The size and diversity of the Pribilof seahird c o l o n i e s ,

as well as their unique population of Red-1egged Kittiwakes

comples the i r  pro tec t ion . However, if  protection is to be

effective, three concerns must be addressed: 1) minimizing

adult mortality away from the colony; 2) ensuring food resources

remain adequate to sustain not only the adult population, but

also reproductive efforts, and 3) minimizing disturbance of

breeding birds at  their colonies.

Almost certainly the greatest threat to the survival of

the Pribilof  seabird colonies is the possibili ty of increased

m o r t a l i t y  o f  a d u l t s  a t  s e a . Numerous

v u l n e r a b i l i t y  o f  s e a b i r d s  t o  f l o a t i n g

1974) and King and Sanger  (1979) have

studies have identified the

oil (Vermeer and Vermeer

shown that certain groups

of Alaskan seabirds, notably the alcids,  are particularly vulnerable.

Wiens e t  al. (1979) have shown that the recovery time of Pribilfof

seabird populations, if reduced in numbers would be linked to

reproduct ive  ra tes , which are lowest in the alcids and the Red-

legged Kittiwakes. While Wiens’  group addressed

to major,  catastrophic oil  spills,  evidence from

1968, Clark 1973, Wilson and Hunt 1975), Denmark

and South Africa (Westphal  and Rowan 1970, Frost

questions related

England (Bourne

(Joensen 1972),

et  al .  1976)

shows that repeated small spills and chronic foulinq have

significant detrimental impacts on seabirds (see also Vermeer and .
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Vermeer 1975). Therefore, as oil  extraction and related shipping

traffic increase in the Bering Sea, i t  will  be critical to guard

against chronic low-level oil  pollution as well  as against major

oil spills within 100 km of the islands, a region which our

OCSEAP sponsored studies have shown is used extensively by

seabirds .

The second concern is that there be adequate food supplies

for Pribilof  seabirds.  During the non-breeding season, these

birds have considerable lati tude in choosing foraging areas.

However, during the breeding season, theyare tied to their nesting

colonies, and most foraging is done within 20-50 km to 100 km

of the islands, depending on the bird species involved. Our

studies have shown that the Pribilof  seabird colonies largely

depend on  a  s ingle  prey ,  wal leye  pollock,  which  i s  a l so  the

mainstay of a large fishery effort. I t  i s  c r i t i c a l  t h a t  f i s h e r i e s

management decisions take into account the needs of other segments

of the ecosystem as well as the needs of man. The implementation

of a maximum sustainable yield (MSY) fishery causes fish abundance

to fall to half its pre-exploitation  levels, substantially lowering

food  ava i lab i l i ty  to  seabirds. The collapse of some seabird

populations is likely as fish abundance approaches or falls below

MSY levels (MacCall 1 9 7 9 ) . This implies that fishery management

decisions potentially may have as great an impact on Pribilof

seabird populations as oil  spills.

In South Africa (Crawford a

1970), and southern California (

pers. comm.),  we have found that
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i s  sens i t ive  to  food avai lab i l i ty . In Norton Sound, the reproductive

success of seabirds fluctuates greatly with the food supply, and

in most years studied, productivity was probably not sufficient

to sustain their populations. The reduction of the food supplies

of the Pribilof  seabirds would also undoubtable reduce productivity,

and

food

stud

t is l ikely that these colonies would diminish in size if

availability were lowered on a long-term basis. Our OCSEAP

es of seabird productivity suggest that seabirds nesting on

St. George Island are already showing evidence of food stress

due to competition. While this concern applies more to fisheries

management

effects  of

Final’

decisions than to oil  development activities,  secondary

oil pollution on food chains may impact Pribilof  seabirds.

y, efforts should be made to minimize disturbance

at the colonies, from human activities on or below the cliffs,

aircraft  and introduced predators. Chronic disturbance is l ikely

to have long-term effects on productivity and possible deleterious

and irreversible effects on the colonies themselves. According

to our observations, aircraft flying over the colonies have an

acute impact on productivity (Hunt et  al..l978).  If nesting

seabirds can habituate to chronic aircraft  disturbance, then

long-term effects may be neglible. However, reproductive. failure

over a period of years may cause seabirds to desert their colonies.

Given the uncertainty of the long-term effects of disturbance,

care should be made to reduce this potential impact.
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APPENDIX I

ESTIMATES OF MARINE BIRD POPULATIONS IN THE BERING SEA
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Table 1-1. Estimates of marine bird populations in the Bering Sea.

These counts were tabulated from the Catalog of Alaskan Seabird

Colonies (Sowls  et al. 1978), for the Bering Sea west to 174 W,

excluding the Aleutian Islands and the south shore of the Alaska

Peninsula. Estimates were obtained using the same ratios of

estimated to censused  numbers used by Sowls  et al. (1978) for

Alaska waters in general.

Species

Northern Fulmars

Cormorants

Double-crested

Pelagic

Red-faced

Glaucous-winged Gull

Black-legged Kittiwake

Red-legged Kittiwake

Murres

Common

Thick-bi l led

Parakeet Auklet

c r e s t e d  Auklet

Least Auklet

Horned Puffin

Tufted Puffin

Censused
population

970,700

41,284

1,758

21,656

16,394

38,575

661,239

226,802

5,199,081

285,140

833,000

2,526,000

76,036

751,539

Estimated
population

1,300,000

97,000

2,600

47,600

41,300

84,000

940,000

250,000

9,800,000

4,900,000

4,900,000

530,000

1,200,000

4,500,000

200,000

1,400,000
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APPENDIX 2

MONTHLY CHANGES IN THE PELAGIC DISTRIBUTION OF MURRES  IN 1978
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SUMMARY OF OBJECTIVES, AND RESULTS WITH RESPECT
TO OCS OIL AND GAS DEVELOPMENT

This was a multiple part study which included a survey of the nearshore
community of fishes and commercial invertebrates in lower Cook Inlet t o
determine their distributions, relative abundance, seasonal movements and
food habits; a review of available information on fisheries of Cook Inlet
and  Shelikof  Strait;  and a description of the potential for impact of oil
related activities on marine resources of Cook Inlet and Shelikof  Strait .

From the nearshore survey sampling, primarily in Kamishak  Bay, the
numerically predominant taxa in the beach seine catches were Pacific sand
lance, juvenile chum salmon, Dolly Varden,  juvenile pink salmon, Pacific
herr ing,  longfin  smelt,  whitespotted greenling,  Pacific staghorn sculpin,
Myoxocephalus  ~., and starry flounder. The weight predominant taxa in
the try net catches were yellowfin  sole, Tanner crab, butter sole, flathead
sole, Pacific halibut,  rock sole, arrowtooth flounder, king crab, MYOXO-
cephalus  ~., and walleye pollock  juveni les . The numerically predominant
taxa in the tow net catches were Pacific sand lance, Pacific herring,
whitespotted greenling,  capelin, juvenile pink, sockeye, chum and chinook
salmon. The numerically predominant species in the gill net catches
were adult Pacific herring, chum salmon, Dolly Varden,  and Bering cisco.
The numerically predominant species in the trammel net were adult Pacific
herring, whitespotted greenling,  sturgeon poacher, yellowfin sole, masked
greenling  and Pacific staghorn sculpin. Features  of ,d is t r ibut ion ,  sea-
sonality  and growth are presented.

A survey of nearshore fish while SCUBA diving at 3 to 23m below
the surface was conducted and is included as Appendix II. The composi-
tion of the ichthyofauna  was different at each location. Non-schooling
species predominated the nearshore fish fauna in all rocky locations.
Sculpins,  greenings, ronquils  and rockfishes were the major families
in the rocky subtidal zone. However, only greenling  were common on rock
habitats in Kamishak Bay. Black rockfish and dusky rockfish were the
most abundant schooling fish in the rocky subtidal  zone in Kachemak Bay,
while Alaskan ronquil  and kelp greenling  were the predominant demersal
species . Whitespotted and masked greenling  were the predominant demersal
fishes on rock habitat in Kamishak Bay. Flatfish predominated the
demersal  fishes of soft substrates in both Kachemak and Kamishak%ays.
Important species on a sand beach in summer included Pacific sand lance,
Pacific staghorn,sculpin,  English sole,  rock sole,  sturgeon poacher
and Dolly Varden while  only Pacific sand lance, Pacific staghorn sculpin
and surf smelt were seen in winter.

Food habits were determined by stomach analysis for several species,
including sand lance, herring, salmon, Dolly Varden, smelt, flounders and
sculpins. Generally,  each species had eaten a variety of prey, including
copepods, decapod larvae, fish eggs and larvae, gammarid  amphipods,  clams,
polychaetes,  and insects. Food habits of other commercially important
species, including crabs, shrimp, halibut and Pacific cod, were summarized
from l i tera ture .
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Important commercial fisheries in the Cook Inlet, Shelikof  Strait
area include five species of salmon, halibut,  herring, king crab, Tanner
crab, dungeness crab, shrimp, bottomfish  and to a lesser extent, razor
clams and scallops have been harvested. The f i sher ies  h is tory ,  s ize ,
distribution and seasonality are presented.

The residence time of oil spill contamination in lower Cook Inlet
and Shelikof Strait depends upon the retention of oil in the water
column, in coastal sediments, and along the shoreline. The various
environmental conditions affecting the retention of oil  in the marine
enviromnent  inlcude  circulation, t idal range, suspended sediments,
bathymetry, bottcm  type, coastal morphology and winds. The physical
processes and enviromnental  conditions which will determine the residence
time of oil or other contaminants in lower Cook Inlet as a whole as well
as in each of the natural regions of lower Cook Inlet  and Shelikof  Strait
are discussed. Drillinq muds and cuttinqs,  discharged during dril l ing
of  explora tory  wel ls  ma~ result in adver;e  i m p a c t s
ment such as toxicity to marine life,  pollution of
smothering of benthic organisms. Relative sensitil
demersal species are given.

Polluted formation waters may affect both ind”
entire populations by causing short term (acute of
effects such as death or long term (chronic or sub”

to t h e  marine environ-
the substrate and
ities of pelagic and

vidual organisms and
le tha l )  b io logica l
ethal)  e f f e c t s

including abandonment of a habitat and interference with the growth
and reproduction.

Conflicts between drilling platforms and the commercial fishing
industry may result  in physical loss of fishing area, interference with
fishing gear and vessels,  direct effects of oil  pollution on commercial
species,  and tainting of commercial species by oil  pollution.

Impacts on the marine ecosystem by shore-based facilities arise
f rom habi ta t  des t ruc t ion  (s i te  prepara t ion  or  a l te ra t ion) ,  s i l ta t ion  of
adjacent waters, the use of cooling waters,  oil  pollution, and inter-
ference with commercial fishing.

Dredging during pipeline laying affects fish resources in the coastal
environment by 1) the physical destruction of benthic habitat ,  2) altering
water quality through the suspension of sediments which may contain toxic
chemicals and have a high biological oxygen demand, 3) smothering benthic
organisms when suspended silt and over burden are deposited on adjacent
areas, 4) modifying water circulation patterns through the alteration of
natural bottom contours and features,  5) modifying salinity concentrations
in estuaries by changes and disruption of freshwater inflow, and 6) direct
mortality when marine life is swept into dredging equipment. The effects
of dredging may be short on long-term, depending upon the area dredged, the
amount of material removed and the extent to which bottom contours and
natura l  fea tures  are  a l tered .
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Long-term studies of several major oil  spills indicate that oil
have the following effects on marine life: 1) direct kill  of organisms
through coating and asphyxiation, 2) direct kill through contact poisoning,
3) direct kill through exposure to water soluble toxic components of oil
at  some distance in space and time frmn the spill, 4) destruction of the
sensitive juvenile forms, 5) destruction of the food sources of higher
organisms, 6) incorporation of sublethal amounts of oil and oil products
into organisms, resulting in failure to reproduce, reduced resistance in
infection, or physiological stress,  7) contraction of diseases due to
exposure  to  carc inogenic  canponents  of oil, 8) chronic low level effects
that may interrupt any of the numerous biochemical or behavioral events
necessary for the feeding, migration, or spawning of many species of
marine life and 9) changes in biological habitats. Oil polluted marine
waters affect humans by reducing recreational opportuniti tes,  tainting the
flesh of commercial species of marine fish and crustaceans (e.g. halibut,
clams, crabs, and salmon) and reducing commercial fisheries production.
Potential  conflicts between oil  tankers and fishing activities include
loss of fishing habitat from over crowding and increased navigational
problems, interference with and destruction of gear, competition for
space and services, and oil contamination and tainting  from spills and
ballast waste water disposal.
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INTRODUCTION

General Nature and Scope of Study

This study is part of a survey of the nearshore finfish and commercial
crab resources and food web relationships of lower Cook Inlet. Source
material  includes field collections and food habits analysis which con-
stitute the bulk. of the report. Field collections were made from April
through October with collections in April and October made in Kachemak
Bay and the remainder made in northern Kamishak Bay. This study is only
one of a coordinated set of studies of several aspects of the Cook Inlet
system which include bird, mammal, benthic  invertebrates, plankton and
several other studies by OCSEAF’ investigators.

Specific Objectives

1. Determine the feeding habits of principle life stages of dominant.
pe lag ic  and  demersal  fish and provide an initial  description of
their role in the food web.

2. Describe the distribution and relative abundance of pelagic and
demersal  fish and their seasonal changes.

3. Identify areas of unusual abundance or of apparent importance to
fish, especially commercially important species.

4. Review all past information on the fisheries in lower Cook Inlet
including commercial and sports catch statistics in order to de-
termine the past and future trends in the importance of these
species and to define the geographical and seasonal locations of
f i sh ing  areas.

5. Define the geographical locations and seasonal use of spawning areas
to the highest resolution possible.

6. Identify the geographical and seasonal locations of important prey.

7. Describe and evaluate the potential for impact on commercial, poten-
tially commercia~,  and sports fisheries by OCS oil and  gas  explora-
tions, development, and production based on the findings of the above
six objectives plus existing information on the sensitivity of various
life stages of these species,  and geographical areas of potential risk.

Relevance to Problems of Petroleum Development

Oil exploration in the Cook Inlet lease area constitutes a potential  for
environmental degradation and it is a legal requirement of the leasing
agency, Bureau of Land Management (BLN), to consider this potential as a
part of the cost of leasing. This study was funded by BLM as a part of
the program to satisfy their requirements.
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Study of the living marine resources of Cook Inlet is an especially per-
tinent portion of the pre-lease studies as the livelihood of the vast
majority of the people of this area is based upon the harvest of renew-
able resources.

Acknowledgements

The personnel of the OCSEAP Juneau Project Office contributed considerably
to the planning and execution of this study, especially George Lapiene and
Paul Becker. All vessel support and field camp support was arranged by them.

The employees that conducted the sampling did a fine job and they were Jay
Field, crew leader, Jim Sicina, Dan Locke, Robert Sanderlin,  Harry Dodge and
Tom Bledsoe. Karen Anderson conducted all the food habits analysis and
Bill Johnson created the computer routines to analyze the data.

This study was supported by the Bureau of Land Management through interagency
agreement with the National Oceanic and Atmospheric Administration, under
which a multi-year program responding to needs of petroleum development of th~
Alaskan continental shelf is managed by the Outer Continental Shelf Environ-
mental Assessment Program (OCSEAP) Office.

CURRENT STATE OF KNOWLEDGE

In the Cook Inlet area previous survey type data on marine resources is
largely lacking. The National Marine Fisheries Service (NMFS)  con-
ducted approximately 85 otter trawl hauls in Cook Inlet during 1958, 1961
and 1963 and these are summarized by Ronholt  et al. (1978). The vessels
were rigged for crab and operated between mid-July and late September.

A compilation of existing information on the Cook Inlet fisheries was
prepared by the Alaska Department of Fish and Game under a program funded
by the Federal Coastal Zone Management Program Development Funds (McLean
etal., 1976). This work included a written narrative and a portfolio of
mapped data. The narrative included characterizations of each fishery and
the  tabular iza t ions  of  s ta t i s t ica l  da ta . Historical catch, effort,  economic
value, and escapement statistics were included. The map section included
distribution mappings for all  significant finfish and shellfish species,
major fishing areas for all  commercial species, critical salmon and shell-
fish spawning areas by species, where known, and shellfish rearing areas
by species , where known.

A study of the effects of oil on biological resources was funded by
State of Alaska as a result of public concern over Alaska’s 28th Oi-
Gas Lease Sale of subtidal  land in Kachemak Bay. These studies inc-
the fishery resources, birds, coastal morphology, circulation and a
thesis of the impact of oil on the Kachemak Bay environment (Trasky
1977).

The studies initiated in 1976 under the Outer Continental Shelf Env

the
and

uded
syn -
etal.,

ron-
mental Assessment Program (OCSEAP) were hastily assembled and were faced
with a paucity of data concerning what to expect. The scope was broad: as
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much of the inlet as could be physically covered efficiently. Sampling
was conducted with beach seines and surface tow nets from the east Fore-
lands to Port Graham on the east side of the inlet and from Amakdedori
Beach to Chinitna  Bay (with a few samples further north) on the west
s ide  of  the  in le t . Surveys were repeated monthly during June through
September of 1976. An otter trawl was successfully used in the central
portion of the inlet during June, July, August, September 1976 and March
1977. A power purse seine and gill nets were used to study pelagic fish
during July, August and September 1976. A number of conclusions resulted
from this study as did some questions (Blackburn,  1978).

In preparation for Cook Inlet Oil Lease Sale No. 60 a summary of available
information on the Cook Inlet - Shelikof  Strait area was prepared in Octo-
ber 1978 (Marine/Coastal Habitat Management, M.C.H.M., 1978). Much of the
historical information reviewed in the current report was reviewed in that
document, also. The M.C.tl.M. document addressed fisheries resources,
marine birds, marine mammals, circulation, and hazards and potential impacts.

The M.C.H.M.  prepared a report with recommendations for minimizing the
impacts of hydrocarbon development on living resources in Cook Inlet
(Hamilton et al., 1979). This study was focused on impact potentials
and their interaction with known resources. Materials from that report
have been incorporated in this report.

Since this project was initiated the lease area has been expanded into
Shelikof  S t r a i t . Information on resources in Shelikof  Strait is quite
l imi ted . Ronholt  et al. (1977)  ga thered  together  the  resul t s  of
all past NMFS trawl surveys in the north Pacific area, including those
conducted in Shelikof  Strait and lower Cook Inlet. From this report
general species abundance can be obtained but distributional features
w i t h i n  Shelikof  a r e  n o t  c l e a r .

Various fisheries have existed in the lease area for some time and in-
formation based on these fisheries and supporting management of these
fisheries has been accumulating. A summary of pertinent information
follows.

Salmon

All five species of Pacific salmon are harvested in the Cook Inle! -
Shelikof  S t r a i t  a r e a . Pink salmon predominate in numbers of fish
throughout the area with red salmon second in importance in Cook Inlet
and third in the Kodiak area while chums are second in importance in
Kodiak and third in Cook Inlet. Cohos rank fourth and kings fifth,
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Pink salmon  harvests are important throughout the area (Figures 1
and 2) with greatest catches generally north of Anchor Point, in
Kachemak  Bay, along Kodiak and Afognak  islands and scattered along
the shore of the Alaska Peninsula. Pinks spawn in virtually every
stream with suitable spawning habitat throughout the area (Figures 3,
4 and 5). Pink salmon runs are not well known in the streams north
of Anchor Point on both sides of Cook Inlet, due to silty water which
makes counting from an airplane impossible, and emphasis has been
placed  on red salmon in this area. Over a million pink salmon have
been estimated to return to the Susitna  in one year (McLean et al., 1976).
On the west side of Cook Inlet, from Bruin Bay to Cape Douglas there are
eight rivers with runs of pink salmon estimated at about 10,000 or more.
On the east side of Cook Inlet from Kachemak Bay south there are five
rivers with runs of pink salmon estimated at 10,000 or more. On the
Alaska  Peninsula shore of Shelikof Strait  there are seven streams in
which average aerial counts exceed 10,000 pink salmon and on the Sheli-
kof Strait  side of the Kodiak Archipelago there are 14 streams in
which average aerial counts exceed 10,000 pinks. Most notably the Karluk
River and Red River on southwest Kodiak have averaged 380,000 and 320,000
pinks respectively (Figures 3, 4 and 5; App. Table 24). Both these rivers
have much stronger runs on even years and each had more than a million
fish in 1978.

Red salmon are harvested in nearly all areas of Cook Inlet - Shelikof
Strait to some extent, but the greatest catches are in Cook Inlet north
of Anchor Point, on the south side of Kachemak Bay, in the bays on the
west side of the Kodiak Archipelago and in the Cape Igvak area of south-
west Shelikof Strait where reds destined for Chignik  are caught (Figures 6
and 7).

Since red salmon normally reside in a lake for one or two years before
going to sea, there are fewer rivers that contain them and the few really.
large systems produce the bulk  of them (Figures 3, 4, and 5; App. Table
,24). In upper Cook Inlet,  the primary rivers are the Kenai ancl K::a.~f,
while considerable runs  have been counted in the Susitna River.
are a few other red salmon rivers in lower Cook Inlet, the largest are
Crescent River, immediately north of Tuxedni Bay, English Bay River on
the tip of the Kenai Peninsula and Mikfik  Creek in southern Kamishak  Bay.
Kamishak Bay is unique in the number of small  red salmon streams present.
On the Alaska Peninsula side of Shelikof Strait there are runs of over
5,000 reds in two rivers. On the Shelikof Strait side of the Kodiak
Archipelago there are 13 streams with red salmon runs, most notably the
Karluk  and Red rivers with average returns of 350,000 and 150,000 reds
per year in the last ten years. In addition there are three rivers with
more than 10,000  (two of which have been surveyed only in 1978).

Chum salmon are harvested throughout the lease area (Figures 8 and 9)
with greatest catches between Anchor Point and the Forelands, in Chinitna
B a y ,  Iliamna - Iniskin  Bay in Kamishak, in the Port Chatham  area on the
tip of the Kenai Peninsula, in the Kukak Bay area and Wide Bay on the
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King salmon, l ike cohos, spend a year or more in rivers before going to
sea. Few rivers provide suitable habitat.  King salmon are reported to
use the Susitna  River extensively. There are about nine streams in the
upper inlet  with kings and the total  run to all of them is about 2,000
to 3,000. Rivers on the east side of Cook Inlet between Anchor Point
and the Forelands  contain more king salmon than any other portion of the
lease area (Figures 3, 4 and 5; App. Table 24). The Kenai  River supports
a mn of 20,000, the Kasilof  River supports 3,500 and four other rivers
on the east side of the inlet support between 100 and 2,000 kings each.
On the west side of Cook Inlet there are three streams between Tuxedni
Bay and the Forelands with unknown numbers of kings. There are no kings
in rivers of Kamishak Bay or the Alaska Peninsula side of Shelikof  Strait .
On Kodiak there are only two rivers with kings, the Karluk  and Red rivers
with runs of about 4,000 and 2,000 respectively.

The salmon fishery is conducted during the months of May through September
(Figure 14) with almost no catch in Kodiak in May (the figure is constructed
from weekly catches and week ending dates, thus some June catch could be
taken in the last days of May) and only a little catch in Cook Inlet in
May. The red salmon fishery is the earliest in the Kodiak region while
kings are the earliest  in Cook Inlet. In both areas pinks peak in late
July and early August. Reds peak in July in Cook Inlet  and late June to
early July in Kodiak. Chums peak in July and August in both areas and
cohos  peak in late July in Cook Inlet and in August in Kodiak. In the
Kodiak area the coho run is sizeable  in September and the species is con-
sidered to be underutil ized. King salmon  harvests are sizeable  in June
and July in both areas.

Although salmon are anadranous,  pinks and chums often spawn in sections of
streams that are within tidal influence. This practice is extensive through
out the lease area south of the latitude of Anchor Point. Specific streams
in which intertidal spawning is known have been identified in Kachemak and
Kamishak bays (Figure 15). On the Alaska Peninsula and the Kodiak Archi-
pelago  v i r tua l ly  every  s t ream is  u t i l ized  in  the  in ter t ida l  por t ion .  On
Kodiak this spawning substrate is more important than in other areas as
the rivers with the largest runs of pinks and chums are used the most in
the  in ter t ida l  por t ions .

The salmon fishery in both the Cook Inlet and Kodiak areas began in 1882
but catch data was first recorded in 1894. Initially the fishery was di-
rected at sockeye salmon in both areas and other species were further
explo i ted  la te r . In the Kodiak area, sockeye catches peaked at over three
million per year for the 1900-1909 period and have since declined (Table 1).

The Karluk  River was very important in this early fishery and efforts are
being expended to increase the productivity of the sockeye systems on Kodiak.
The production of sockeye in Cook Inlet developed more slowly with peak
production of more than 1.6 million in the 1930’s and 1940’s (Table 2).
Catches of sockeye have declined since that time. Pink salmon catches ex-
panded through the 1920’s  in Kodiak and through the 1930’s in Cook Inlet.
Chum salmon production has been relatively stable in the Kodiak area since
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‘igure 15 . Intertidal spawning areas of pink and chum salmon in Cook Inlet. Spawning
locations are within streams but in the lower portion within tidal influ- 1
ence. This habitat is especially productive since extremes of weather,

. which cause mortality, are ameliorated by the proximity of marine waters.
A similar presentation is not made for Shelikof  Strait streams since vir-
tually all streams are used in the intertidal zone and there is little
knowledge to justify exclusion of any stream. This figure based on
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about the 19201s but has expanded slowly in Cook Inlet so that about
6-700,000 are taken each year in each area. Coho production in the
Kodiak area peaked in the 1930’s and 40’s at about 130,000 annually
and has since declined to about 40,000. Cohos are currently under-
u t i l i zed  in  the Kodiak area as a large share return after most of the
other salmon fisheries are completed. C o h o  salmon harvests in Cook
Inlet have remained fairly stable at  250,000 anntia-;]~  except for har-
vests of 400,000 in the 1940’s. Chinook salmon har’,ests have never
been very big in the Kodiak area but were greatest in the 1900-1909
time period. In Cook Inlet, Chinook harvests have been substantia~,
peaking in the 1940’s and 1950’s  but declining considerably since then.

A substantial  portion of all  salmon production in the Kodiak area has
ct.;;ve  f rom Shelikof  S t r a i t . Virtually all the sockeye and chinook pro-
‘tiction  has  been  in  Shelikof as the Karluk River  am.i (~hl~(i~. P?jj?r

;ave been very ~mportant  sys tems.

T h e  K o d i a k  d a t a  d i s c u s s e d  above i n c l u d e s  t h e  e n t i r e  Koc?ia~ :,:2. .;p-.

o n  c a t c h e s  i n  t h e  e a r l y  1970~s  t h e  Shelikof Strait  ~fi~~~~ii  ~CCO~j,-CS(!,  ,-

about 38% of the annual pink salmon catch, 84% of the red salmon catch.,
40% of the chum salmon catch, 55% of the coho catch  and the bulk of the
chinook catch in the Kodiak area.

The outlook for the salmon fishery in the lease area is optimistic.  lrn-
proved management, habitat rehabilitation and enhancement of salmon runs
will probably improve the returns in the future years. The early 1970’S
were relatively poor years due to several severe winter: which greatly
reduced freshwater survival and the later 70’s were m[~rh better because
of mild winters. In the future, weather wi”il  continue to be very impor-
tant to the production of salmon.

Table 1. M e a n  annual  salmon catch in thousands of fish ifi the Kodiak  arez
by decade and species, 1893 through 1978.

Species
Years Pink Sockeye Chum Coho Chinook

1893-99
1900-09
1910-19

3 1920-29
~ 930-39
1940-49
1950-59
1960-69
1970-78

’46
972

3,140
8,078
7,947
5,043
7,740
6,346

2,772
3,160
2,200
1,658
1,587
1,416

392
510
518

15.4
56.4

2;.5 45.8
320.0 130.6
437.6 138.5
482.6 84.5
827.0 40.7
675.9 44.0
764.5 27.4

l . l
3.3

;:;
2.0
1.1

;:!
1.1
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Table 2. M e a n  annual  salmon catch in thousands of fish in the Cook In’let
area by decade and species, 1893 through 1978.

Years
Species

Pink Sockeye Chum ‘~”~-,-g Chinook

1893-99
1900-09
1910-19
1920-29
1930-39
1940-49
1950-59
1960-69
1970-78

#
574
367
592

1,304
1,.297
1,780
1,139

382
487

1,396
1,251
1,609
1,658
1,353
~,q137
l,2i5

5~.2
70.3

137.4
316.2
592,,:
717.2
7%.6

19.5
40.3
53.5
49.3
67.9
.j;-7
;;:;

“{ “, .;

Halibut

Th”e halibut catch i~widely  d is t r ibuted  throughout  the  lease area  (Fig-
ure 16). The ca tch  i s  repor ted  by  much larger  s ta t i s t ica l  a reas  than
is  the  ca tch  for  o ther  species . Log book data is colle:ted  from the COm-.
mercial fishermen and examined for distribution of effflrt, among other
t h i n g s . There are a few areas where effort tends  to be more concentrated
than others and these areas, illustrated in Figure 16, are genera l ly  in
the vicinity of Anchor Point,  off the tip of the Kenai P e n i n s u l a  s o u t h
of Kachemak Bay, near the Barren Islands, along the south shore of the
Kenai Peninsula,  on the east side of Shelikof  Strait  and into the bays,
along the south west tip of Kodiak Island and in the Wide Bay area o n
the west side of Shelikof St ra i t  ( In ternat ional  Paci f ic  Hal ibut  Commis-
sion 1978a; personal communication). There has also been a seasonal
t rend in  the  loca t ion  of  the  f i sh ing  ac t iv i ty .  As  ha l ibut  migra te  sea-
sonally from deeper water in winter to shallow in summer the fishery
fol lows. In the early season, about May, the fishery is mast active i n
deeper areas and in mid-summer some of the activity is as shallow as
10 fathoms. Some of the fishermen have reported that halibut seem to
follow the salmon into the bays and halibut have been found with salmon
in their stomachs (R. Myhre, personal communication).

The catch of halibut by subarea for the last ten years is present%d  in
Table 3. Statistical area 261, which represents Cook Inlet except
Kamishak Bay has averaged 575,000 lbs. per year during this time and
Kamishak, area 272, has averaged about 44,000 lbs. per year. Northern
a n d  s o u t h e r n  Shelikof Strait ,  statistical areas 271 a n d  2 8 1  r e s p e c t i v e l y ,
have averaged 263,000 lbs. and 491,000 lbs. per year.
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Figure 16. Halibut statistical areas and locations most actively fished in Cook Inlet
and Shelikof Strait. Halibut fishing is conducted throughout the lease
area and the hatched locations tend to be fished more heavily. Redrawnfrom Figure 2 I.P.H.C.  (1978) with greater detail added by the author. 297



The halibut  fishery has a long  h is tory  of  cons is tent  product ion ,  until
recent years (Figure 17). The total  annual catch reached 69 million lbs.
in 1915 and  fell to 44 m i l l i o n  lbs. in 1 9 3 1 .  T h e r e a f t e r ,  the annual
catch genera l ly  increased  and exceeded 70 mill ion lbs. in 1962 but fell
below 25 mil lion pounds  in 1974  (IPHC, 1 9 7 8 a ) .  I n c i d e n t a l  catch of juve-
nile ha l ibu t  by  foreign  trawlers was indentifled  as the cause of the recent
decline. The ha~ibut  commission has co~ducted  surveys of the abundance
of juvenile halibut in the Bering Sea and Gulf of Alaska. In the Bering
Sea the abundance of juveniles declined from about 45 per hour of traw-
l i n g  in 1963 to less than 5 in 1972 and it has since  increased  to  nearly
20 in  1977. In the Gulf o f  A l a s k a  a  s i m i l a r  c a t c h  rate in 1963 declined
to about 20 per hour in 1975-76  and increased somewhat  fin 1977 (IPHC,
1978b) c. Since there is wide migration the abundance of juveniles in the
Bering Sea directly affects abundance of adult halibut in the Cook Inlet
and  !Melikof  Strait  areas several years later. The outlook is, therefore,
for increased catches in the 1980’s but not as great as historic catches
(IPHC9 1978b).

Cook Iil[
and earl-
tuted  by
ing long
stock to
product.

The commercial fishing season for halibut was closed  In winter to protect
fish on the spawning grounds by treaty with Canada in 1923. The active
fishinq season from 1960 through 1978 in area 3A, which includes  lower

t and Shelikof  Strait  i s  p r e s e n t e d  in Figure  18. During  1976
er years there was a voluntary lay up program which was instl-
the  f i shermen to extend the duration of the fishery, thus avoid-
periods of dangerous overwork, overfishing of some portions  of a
the exclusion of others and allowing a more orderly delivery  of
The system failed due to lack of support by the fishermen; Be-

~inning ‘n 1977, the International Pacific Halibut Commission instituted a
spl~t season consisting of four fishing periods of about 18 or 1!3 days
d u r a t i o n  w i t h  closed  p e r i o d s  o f  1 5  d a y s  b e t w e e n ,  As in the past t h e  f i s h -
ing season was closed when the catch limit was attained, regardless of the
designated fishing periods.

Mature halibut concentrate on spawning grounds along  the edge of the con-
tinental shelf at depths  from 182 m to 455 m during November to March.
Major spawning sites in the vicinity of lower Cook Inlet include Portlock
B a n k s  and Chirikof  Island. In addition to these major spawning grounds,
there is reason to believe that spawning is widespread ancl occurs in many
areas$  although not in concentrations as dense as those mentioned above.
Evidence to support this conclusion is based on the widespread distribu-
tion of mature halibut during  the winter months as indicated by research
and commercial fishing (IPHC, 1978a).

Spawning of halibut on the Cape St. James spawning ground occurs from
December through March with a peak in mid-January (Van Cleve  and Seymour,
1953).
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‘able 3 . Catch of hal i but in thousands of poti”nds  ‘&iWsecJ Wefght “by
s t a t i s t i c a l  s u b a r e a  i n  t h e  Codk Inlet Shelikof  Strait  region
for 1969-1978. Data courtesy of the International Pacific
Halibut Commission. See Figure 16 for location of statistical
area .

Year
S t a t i s t i c a l  Area

261 271 272 -Z?l--

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

515
349
541
416
665
558
547
646
726
682

4:?
73

313
533
220
390
327
163

67

500
544
473
994
759
244
3C2
589
380
125

Bottomfish

The bottomfish  fishery has been directed attial]”eye  pollock  and to a
l e s s e r  e x t e n t ,  P a c i f i c  c o d  i n  c e n t r a l  Shelikof  St ra i t  (Figure 19). The
h i s t o r y  o f  t h e  bottomfish  f i shery  in  the  lease area is -hort. The  fo r -
eign fisheries were not active in Shelikof  Strait  between 1969 and 1974
(Ronholt  e t  a l . , 1977). The domestic bot’tdm’fi~h  fishery in the Kodiak
area has just started to exploit  the resburce. IrI the Kodiak manage-
ment  a rea ,  the  landings  of bottomfish  have been 14,000  Ibs. in 1975,
5 2 0 , 0 0 0  lbs. in 1976, 638,000 lbs. in 1977, 2,311,000  lbs. in 1978and
4,548,000 lbs. through July 1979. The bulk of these catches were in
Shelikof Strait  in each year.

During February through mid-April of 1979 catch  ’ra~es  averaging 4,000 Ibs.
per hour and ranging from 2,000 to over 6,000 lbs., per hour were document-
ed in the domestic bottomfish  fishery in ‘Shelikorf  Strait  by observers.
The catches were 80 to 90% walleye pollock  and about 10% Pacific cod. The
extent of the area of abundance of these fish is not known. The fishery
has not fully util ized the resource so the d is t r ibut ion  of  the  ca tches
does not reflect the distribution OY the fish. There  have  been severa l
research surveys that include this area and these have all been summarized
by  Ronholt  et  al .  (1977). The surveys were in the summer, not during the
February through mid-April period when pollock  were abundant. Reliable
distribution features (areas of greater or lesser catches) are not discern-
ible from the data. A 1973 survey summarized In a different way by Hughes
and Alton (1974) shows greatest pollock  catches in the summer to be at
less than 100 fathoms with catch rates of 1,100 lbs. per hour in northern
Shelikof and 4,100 lbs. -per hour in a small area in southern Shelikof.

300 The deeper water in mid-Shelikof  yielded smaller catch rates.
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Population estimates have been calculated from the trawl surveys in
Shelikof  S t r a i t . These surveys are known to be underestimates since
pollock  are not all on the bottcm, many are in the water column  and not
available to the gear. In 1961 there were an estimated 3,000mt (metric
ton) in Shelikof  Strait  and in 1973-76 an estimated 14,000mt.  The
outlook for bottomfish  is continued expansion at a slow rate since it is
a high volume, low profit product.

Other species caught in Shelikof  in limited amounts have been sablefish
and rockfish. Sablefish constitute about 3 to 5% of the catch of the
March-April fishery and are all about 40 to 50 cm, and about age 2 (Low
etal., 1976). Some rockfish  have been caught but nothing is known of
their distribution or abundance.

Flounders are collectively a relatively abundant group of fish in all
areas . From a survey conducted between 1973 and 1976, flounders con-
stituted 33% of the trawl caught biomass in the Gulf of Alaska and 29.5%
of the biomass in Shelikof  Strait (Ronholt  et al., 1977). Some f l o u n -
ders have a limited commercial market. ~ellowfin sole, flathead sole,
butter sole and Alaska plaice have been utilized. The potential for a
flounder fishery is quite l imited, however,  since most contain relatively
little flesh and trawling for them is detrimental to the valuable hali-
but also caught.

Spawning areas for walleye pollock  are not specifically delineated but
the winter concentration in Shelikof is a spawning aggregation. The
fish are adults full  of ripe roe. During 1979, the fishery was very
ac t ive ly  ca tch ing  pollock  and Pacific cod and during late April the
catch rate dropped precipitously when the fish apparently spawned.
There have been no plankton surveys in Shelikof  Strait but in 1972 and
again in 1978, National Marine Fisheries Service (lWIFS) sampled plankton
on the east side of Kodiak. These surveys extended to the south end of
Kodiak Island and extremely high densities of pollock  eggs were found
in this area (Dunn et a?., 1979; Dunn and Naplin,  1974). Since water
flow in Shelikof  is to the southwest (Science Applications Inc., 1979)
eggs spawned in Shelikof  would be transported to the southwest end of
the  i s land .

The fishery for herring in the lease area in recent years has been con-
ducted in Kachemak Bay, on the west side of the inlet  near the Forelands,
throughout Kamishak Bay, in Kukak Bay, in all bays on the west side
of Kodiak and Afognak islands, except Malina  Bay and in southern Shelikof
Strait between Uyak Bay and Cape Ikolik (Figures 20 and 21). According
to Reid (1971) between 1936 and 1959 herring were taken in generally the
same areas of Shelikof  Strait but more were taken in central areas of
Shelikof  and herring were taken in Kinak and Portage bays on the south
shore of the Alaska Peninsula.
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The herring fishery began in 1914 and during the period of 1!314 to
’728  there was a substantial herring fishery in Kachemak Bay with
annual catches over 1,000 tons per year in nine years and a maximum
catch over 9,000 tons in 1925 (Table 4).

Table 4. Commercial catch of herring in Kachemak Bay during 1914
through 1928 (Rounsefell,  1929).

—. .— . ..—

Year Catch, tons Year Catch, tons Year Catch,tons

1914 155.7 1919 2,648.2 1924 7,040.0
1915 14.7 1920 959.2 1925 9,614.2
1916 69.2 1921 2,611.0 1925 7,136.2
?!217 943.4 1922 503.8 lj;. 3,5yoe7

1918 1,985.0 1923 3,781.2 1 .,. -
. 1. :, 2,152.1

The stocks were depleted, however, and the fishery ended. Between 1929 and
1968 there was li t t le fishing, with herring taken only for bait ,  thus there
are no catch records. From 1969 through the present there has been a sub-
stantial herring fishery in Cook Inlet,  primarily during the spring as her-
ring are taken for their roe. The harvest has been in Kachemak  Bay but be-
ginning in 1973, the Kamishak Bay area has been heavily fished and the area
near the Kenai River and the east Forelands has been fished (Table 5).

Table 5. Commercial herring catch, C o o k  Inlet,  by area, in tons of fish.l

D i s t r i c t

Year Centra12 Southern3 Kamishak

1969 551.5
1970 2,708.7
1971 12.5
1972 1.0
1973 14.0 203.8 243.1
1974 36.6 110.2 2,108.8
1975 6.0 24.0 4,119.0
1976 Inlet Total 4,086.3
1977 17.1 291.0 2,917.5
1978 60.7 16.6 402.0
1979 17.1 13.1 417.6

I.Source - McLean et al. 1976, and ADF&G catch statistics.
2The Central District is north of Anchor Point in Cook Inlet.
3The Southern District is Kachemak Bay for this data.
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:he first  recorded herring harvest in the Kodiak area occurred in 1912 and
a sustained fishery began in 1916. The herring fishery expanded to a large
scale and continued through the 1930’s, 1940’s and through 1950. The area
wide catches per year by decade were 121 tons in 1912-19, 2,613 tons in 1920-
29, 27,095 tons in 1930-39, 31,753 tons in 1940-49, 9,143  tons in 1950-59,
879 tons in 1960-69 and 517 tons in 1970-74 (McLean et al., 1976). During  1934
over 120,000 tons were reported and from 1936 through 1950, the catch was
20,000 to 40,000 tons every year, except 1949 when there was no harvest.

The bays on the west side of the Kodiak Archipelago have contributed substan-
t ia l ly  to  the  her r ing  harves t . Rounsefell  (1920)  repor ted  to ta l  catc5es from
1917 to 1928 to be over 16,000 tons in the Shuyak Island area, 420 tons  in
Raspberry Strait, 15 tons in inner Kupreanof Strait, 122 tons in Uganik Bay
iind 22 tons in Uyak Bay. Reid (1971) showed the distribution of total catch
by area from the 1936 to 1959 time period. Over 50,000 tow were taken im-
~~diately south  of Cape IkOlik and also in Shelikof  Strait  betw~en I]yak a n d
Uganik bays. Between 10,000 and 50,000 tons were taken in thw? areas, in
Shelikof  St ra i t  be tween Cape Ikolik and Karluk, in Uyak My, ar,d in the 6:-K,
i n c l u d i n g  Uganik and Viekocia  bays,  Kupreanof  Straits Raspberry  ~trai+
Malina  Bay. Smaller catches were reported from other ar?zs.

In recent years the catches have been largest in Uyak Bay, in Kamishak  Bay and
Kachemak Bay but catches have been widely distributed throughout Shelikof
Strait ,  Kachemak and Kamishak bays and near the Forelands  (Figures 20and  21).

At the present time the outlook is good for continued herring harvests.
Prices have been increasing rapidly in the last few years and stocks do not
appear to be depleted below the level  of recent years.

The season that the herring fishery has been prosecuted has depended upon the
product. Norwegian curing, the salting process first  used in the fishery,
used herring captured in the summer. Later,  salted products used the fatter
herring found in fall and winter. Much of the present fishery, however, is
focused on the roe which is best just before spawning, thus the fishery is
active on the spawning grounds from late April through early June. The bait
fishery is generally active in the winter and spring. Table 6 il lustrates
that the bulk of the herring fishery occurs in May.

Table 6. Season of the herring fishery expressed as percent of total catch
by month in each management area. The Cook Inlet data is based on
a computer tabulation of the years 1969-1977 and the Kodiak data is
based on Kodiak area management reports and summarizes the years
1968-1978,  Shelikof Strait areas only.

Management Area March A p r i l  M a y June July August November

Cook Inlet 0.2 83 16 0.1 0.1
Kodiak 0.3 3 65 9 20 2
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Herring spawning has been documented or reported in nearly every bay on
the west side of Kodiak Island (Figure 22). On the west side of Shelikof
Strait herring spawning has been documented only in Kukak Bay. Herring
spawning has been reported in virtually every cove and bay on the south side
of Kachemak Bay and on the Homer Spit. Herring concentrations have been
seen throughout Kamishak Bay in the spawning season and spawning has been
specifically identified off the Douglas River, in Bruin Bay, Ursus  Cove,
Iniskin Bay, Oil Bay and Dry Bay (Figure 23). In the upper inlet the
waters are too murky to confirm spawning of herring but an active gill
net fishery yields mature adult  herring in the vicinity of the Kenai River
during spawning season and larval herring were found to be abundant in this
area throughout the summer by this project in 1976.

The bulk of herring spawning occurs during May; however, they also have
been reported to spawn in late April and in early June in lower Cook
Inlet and as early as April 18 in Uyak Bay and as late as the first week
of July in Red Fox Bay on Afognak Island (ADF&G  staff).

Herring typically spawn in the intertidal zone, primarily upon vegetation.
On the west side of Kodiak Island herring commonly spawn upon eel grass
@25@21$  hair kelp (Demarestia) and rockweed ~. Herrin9  sPawn in
Kamishak Bay has been found on crab pots at considerable depth, but it is
believed that most spawning occurs in the intertidal or immediate subtidal
z o n e .

King Crab

King crab have
Anchor Point.

been  taken  in virtually all of the lease area south of
Areas of greatest king crab catches are Kachemak Bay, a

large area that encompasses Kamishak-Bay, the central inlet toward-the
Barren  Is lands  and nor th  cent ra l  Shelikof  Strait; a small area in Viekoda
Bay and Kupreanof Strait where approximately 4 million lbs. have been
landed in the nine years summarized and the southern end of the lease
area encounters the fringe of the hi hly productive area at  the south

7west end of Kodiak Island (Figure 24 .

King crab was first harvested in the Kodiak and Cook Inlet management
areas  in  1951. Since that t ime the catches increased to their histor-
ically highest values in 1965, when approximately 95 million lbs. were
taken in Kodiak, and have since declined (Table 7). The fishery now
depends primarily upon recruit crab and thus the catch in any season
depends heavily upon the reproductive success of a single year class.
Catches were very low in 1972, 1977 and 1978, but a very large group
of recruits will enter the fishery in 1979 and 1980. The king crab
catch in the Kodiak management area is greatest on the south end of the
island, with Shelikof Strait  providing a relatively small portion of the
ca tch .

The king crab fishery operated during
the 1960’s. Now it opens September 1
August 1 in the Cook Inlet management
ember 30 in the Kodiak area and until

every month of the year through
in the Kodiak management area and
area and remains open until  Nov-
March 15 in the Cook Inlet area, 307
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Figure  22.
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Herring spawning areas and feeding areas in waters of Shelikof
S t r a i t . The spawning areas are marked along the shoreline and
the feeding areas are most likely all areas within the hatched
area. There is ver,y l i t t le information available on feeding
areas. The two areas marked 1 are reported but unsubstantiated
spawning locations. Data from Rounsefell  (1929) and ADF&G
bio logis t s .

1 1 I 1



prTnw5q2 sclT .e[ciI ooJ to isisw ri 25915 pnbss bn6 26916 nnwsq rihieH .ES siuH 
rF6 yI9liI iaom 915 25916 prlb9s sr1 bcis 9rir[s1o2 sd no[s behsrn ols 266 
rio sFds[svs notsmiori o[i[ 'isv 21 9191iT .5sT5 bsriDisd 911 IiIIUFW 26915 

bnsF2I 9nr2uuA bus vs8 )5ffl91b6) u199W9d 6915 161J09D 9r ud 26015 pnbeo 
uluor[s .291O12 r1od noFs nsrlJ 2196W ODS'tlU2 lit iitiiil 229F vsri o isoqqs 

.5915 2Frit itt 2Fw61 19tt0 ut 2lsdmuul [[6m2 ut b911u33o '[ii192t2no3 pririlOd 
si1 lit d2t e1u6m o 93n9291q u1 no bs2sd 2t F bs11sm ciotisoF ntnwsq2 ouT 

-x bits notsDo[ 1sus 2jr bits iscncnua itt 96v16F to s3utsasIq sr bits v19d2t 
.ilWOfl)1 1011 21 JrisJ 

/



> jo9.
Ioo'000 L° JO9

jO000 i Joo'Iooc

w'162

0 40

I

Figure 24. Total catch of king crab in thousands of lbs. during 1969-70 through 1976-77 fishing
season by statistical area in Cook Inlet and Shelikof Strait. The total catch in
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or until  the guideline harvest is  taken. On December 1 the fishery re-
opens for eight inch crab in the Kodiak area and remains open through
January 15. In the Cook Inlet area the eight inch season is opened and
closed by emergency order but is restricted to the August 1 through
March 15 season.

King crab move into relatively shallow water in winter where their eggs
hatch during the February through April time period. This is followed
bymoulting  and mating so that the female carries eggs for about 11 months
of the year. During this time the adults are quite concentrated.

King crab are known to concentrate in Kachemak  Bay for spawning. Much
less is known about the Shelikof Strait and Kamishak Bay stocks. Nea-ly
all of the bays on Kodiak are known or suspected to harbor spawning con-
centrations and virtually all shallow water is used by crab during s p a w n -
ing. Greatest concentrations are undoubtedly in the Uganik Bay, Viekoda
Bay and Kupreanof Strait areas. The spawning location used by Kamishak
Bay king crab is not known. They clearly move into shall~~~~  “ ‘falter  in
‘winter,  into Kanishak  Bay,  but  a reas  of  concent ra t ion  ?,VS r?:r:. L YW1 nor
is the extent of inShGre movement .

Table 7. King crab catch in thousands of pounds by area ~nd ~i~Iil:
season, 1960-61 season to present.

Cook Inlet District Kodiak by Stockl
Southern z Kamishak 5 6

Fishing Season Barren Is.

60-61 3,338 772 1,8!35 383
61-62 1,999 3,138 3,197 1,293
62-63 2,304 4,884 2,wC15 344
63-64 1,790 4,684 3,041 48
64-65 2,192 3,299 2,578 109
65-66 1,852 1,637 1,181 110
66-67 1,412 1,168 1,312 103
67-68 1,123 2,327 1,520 1,027
68-69 751 1,711 1,476 676
69-70 1,465 1,689 1,748 789
70-71 1,540 2,116 880 1,438
71-72 1,998 2,868 236 258
72-73 1,391 2,756 206 529
73-74 1,962 2,236 360 386
74-75 1,811 2,965 1,045 156
75-76 1,667 1,833 1,161 304
76-77 978 3,130 722 314
77-78 244 142
78-79 666 2,713 349 116

lStock  5 is central Shelikof Strait  and catch is primarily in Viekoda B a y
a n d  Kupreanof  St ra i t . S tock 6  i s  nor thern  Shelikof  Strait in the vicin-

~ity of Cape Douglas.
Southern District  of Cook Inlet is essentially Kachemak Bay.
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Tanner Crab

Tanner crab have been taken in virtually all  the lease area south  of
Anchor Point. Areas of greatest Tanner crab catches are Kachemak Bay,
the entire area on the western half of the lower inlet ,  including the
northern half of Shelikof  Strait and a strip down the eastern side of
the southern half of Shelikof  Strait; Uyak Bay and Viekoda Bay-Kupreanof
Strait  (Figure 25).

The Tanner crab fishery has been in existence since 1967, The catches
increased in the first few years of the fishery and by the 1971-72 fish-
ing season, harvest was less than 10 million lbs. in the Kodiak manage- ~
ment area. As king crab abundance declined in the late 1960’s and early
70’s, markets opened up, prices increased and more vessels participated
in the fishery. By the completion of the 1972!-73 season, Tanner  crab
had become the predominant winter and spring shellfishery with 30.5
million lbs. harvested in the Kodiak area. Since that time the annual
landings in Kodiak have varied between about 13.6 and 33.3 million lbs.,
largely due to disputes over price and cmnpetition  with other fisheries.

Within the lease area, catches reached 2 million lbs. in northern She?ikof
S t r a i t  a n d  1 . 4  m i l l i o n  lbs. in Kachemak Bay in 1969. S ince  tha t  time
catches in Kachemak have fluctuated between about 1 to 2.8 million lbse
per year, The fishery in Kamishak and northern Shelikof  Strait  expanded
a little more slowly at first. About 2 million lbs. were landed  from
Shelikof and virtually nothing from Kamishak in 1969 but by the 1973-74
fishing season about 4.7 million lbs. were taken in the Kamishak area of
lower Cook Inlet and an additional 9 million lbs. were taken  in Shelikof
S t r a i t . Since that time the I(amishak  area has yielded about 2 to 3
mi l l ion  Ibs. per year and Shelikof has yielded about 4 to 10 million lbs.
per year.

The outlook for the Tanner crab fishery is essentially unchanged. There
are no indications at this time that future catches will  differ from the
historical performance.

The Tanner crab fishing season has included landings in every month of
the year, however, there were problems with crab dying in the tanks be-
fore delivery, termed deadloss, during summer. Apparently Tanner crab
could not survive summer surfacewater  temperatures. The fishery has ‘
been restricted to the winter-spring time period. In Kacheinak  Bay the
season extends from December 1 through April 30; in other areas of Cook
Inlet it is December 1 through May 31 and in the Kodiak management area
the season is from January 5 through April 30. All these areas are closed
earlier when the catch reaches the guideline harvest level and seasons may
be changed by the Alaska Board of Fisheries.

Spawning areas of Tanner crab are not known. Very little information ex-
ists on the life history of Tanner crab. Juvenile Tanner crab have been
found to be abundant in a few specific locations. Howard Feder (personal
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Total catch of tanner crab in thousands of lbs. during 1969-70 throuqh 1977-78 fishinq
season by statistical area in Cook Inlet and Shelikof Strait. The total catch exceed;d
10 million lbs. in two areas, outer Kachemak Bay and the central Shelikof Strait area
adjacent to Cape Douglas.
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communica t ion)  in OCSEAP research found them in the vicinity of Cape
Douglas, as did this research project in 1976-77. Dennis Lees (per-
sonal  communication) found  concentrations of juvenile Tanner crab in
the area of Iniskin  Bay.

As Figure 25, depicting the distribution of the Tanner crab fishery,
indica tes , this species is more widely distributed than king crab.
This  genera l iza t ion  also applies to available trawl data.  Studies con-
ducted in Kachemak Bay and lower Cook Inlet (Trasky et al, 1977) found
king crab spawning and settling areas but did not document a Tanner crab
spawning area in Kachemak Bay. The available information suggests that
Tanner crab spawning is widely distributed and areas of high concentra-
tion of juveniles are known.

The areas utilized by Tanner crab for spawning should be researched.

Dunqeness Crab

Catches of dungeness crab have been widespread throughout the lease area
south of Anchor Point but greatest catches have occurred in outer Kache-
mak Bay, in the “lower central inlet  and along both shorelines of Shelikof
Strait ,  except on Afognak  Island (Figure  26) .

The dungeness  crab fishery began in the Cook Inlet management area with
a  1 9 0 , 0 0 0  lbs. harvest in 1961 and a 1.9 million lbs. harvest in the
Kodiak area in 1962. As a result of favorable market conditions and
large virgin stocks in the Kodiak area, commercial harvest increased
and peaked in the four year period from 1967-1970 with an average an-
nual h a r v e s t  o f  6.3 million  lbs. During the early 1970’s  the fishery
in the Kodiak area declined due to biological and environmental factors
accompaniecl$  sometimes by adverse marketing conditions. In the mid
1970’s  low prices and other more lucrative fisheries have kept the dun-
geness production at a low level. In the Cook Inlet area the greatest
catch, 1.7 million Ibs. occurred in 1963, since then the catches
have fluctuated widely from about 7,000 to 750,000 pounds.

The  Shelikof Strait area has yielded over 2 million lbs. in one year and
yie lds  averaged 1.27 million  Ibs. between 1962 and 1969. Statistics since
that time are not clearly accurate but catches have apparently averaged
about 470,000 lbs. in Shelikof  Strait between 1969 and 1977. Catches
h a v e  f l u c t u a t e d  widely  with the 1977 catch less than 10,000 lbs. and the
1978 catch 455,000 lbs.

The outlook for the dungeness  crab fishery is no different from its his-
tory. The stocks are in satisfactory abundance but market conditions will
probably continue to fluctuate from year to year.

The bulk  of the dungeness  catch is taken during July through October in
both
open

the Cook Inlet-and Kodiak
year round except for two

management areas.
areas in Kachemak
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open September  1 through  April 30 and the  nor thern  portion  of the outer
bay is open May 1 through December 31. In the Kod~ak management area,
that. is Shelikof Strait, dungeness  crab may be taken May 1 through  Decem-
ber 31 except south  of Cape Ikolik  where the season does not open until
June  15.

Dungeness crab spawning areas are not identified anywhere in the lease area.
In Kachanak  Bay only  a couple of egg bearing females have been seen,  and
these in March or April (this  i s  a  lack  of  knowledge ,  not a lack of s p a w n -
ing) . M o v e m e n t s  o f  dungeness  c r a b  a r e  poorly  known. In Kachemak  B a y  they
h a v e  b e e n  shown by tagging  data to move to deeper  water in the fall, about
October through  November. At about this time the catch rate decreases mark-
edly. In the early summer ,  about  June, the catch rate rises, as the crab
apparently move to shallower water. Dungeness are believed  to c a r r y  their
e g g s  t h r o u g h  the winter as they do in areas further south (Al Davis,  peT-
sonal  communica t ion;  McLean  et al., 1976).

The shrimp fishery in the lease area is conducted in Kachemak Bay, in
Kukak Bay on the Alaska Peninsula,  and in virtually all of the bays on
the west side of the Kodiak Archipelago (Figure 27) including the north
end of Afognak  Island.

-Coons’ripeshrimp (po ‘Ypsinotus’ ‘pot)
T h e  p i n k  shrimp  Pandalus  b o r e a l i s is the primary species  harvested, but
the humpback shrimp P
shrimp or prawn (P. platyceros  and sidestripe shrimp (Pandalopsis dispar
are  a lso  u t i l ized . A small  fishery specifically targeted at the large spot
shrimp  for loca”l m a r k e t s  e x i s t s  i n- Kachemak  Bay-; pra~n pots  or  t raps  are
used to harvest the shrimp  which occur primarily in rocky areas. How-
ever,  the majority of the shrimp harvest is trawl caught  from vessels
r a n g i n g  in length  from 40 to 90 feet. As the shrimp fisheries in Kachemak
B a y  and Shelikof  Strait  are  widely  seperated, differ in na ture ,  and are in
different fishery management units, they are discussed separately.

The Kodiak shrimp fishery began in 1958 with a harvest of 2.9 million
pounds. Since 1960, the shrimp fishery has steadily developed and the
greates t  annual catch in the Kodiak area, 82 million lbs., occurred in
19710 In 1972, quotas were e s t a b l i s h e d  l i m i t i n g  t h e  total yearly h a r v e s t
and in 1973 a complete closure during the period of egg hatch was estab-=
Iished, creating a fishing season of May 1 through February 28. Since 1!371,
the catch declined to 20.5  million lbs. during the 1!378-79 f i sh ing  season.

Shelikof  Strait ~outh of the lati tude of Cape Douglas is part  of the
Kodiak management area and has been the site of a shrimp  fishery since
t h e  early 1960’s. Although catches from this area have been a relatively
minor portion of total Kodiak area catches, the most consistently product-
ive s e c t i o n s ,  Uyak, Uganik, West Afognak,  Northern and Kukak,  have yie?d-
e d  total annual ca tches  of  4.0 to 7.8 mi l l ion  Ibs., wi th  a  mean of 5.2
million lbs. during the six fishing seasons 1973-74 through 1978-79.
In the 1978-79 season, idide Bay and Puale Bay, on the Alaska  Peninsula ,
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produced 9.6 million  pounds. This catch  occurred when severe  catch de-
clines in known shrimp  grounds of the Kodiak and Alaska Peninsula area
forced  fishenmen  to e x p l o r e  unfished  areas .  The Uyak and Uganik  s e c t i o n s
on Kodiak Island have consistently produced the highest annual catches
since 1973-74, with the Kukak Bay and West Afogrtak sections ranking as
the th i rd  and four th  cons is tent ly  la rge  producers ,  respect ive ly .  An-
nual fluctuations do not necessarily represent changes in abundance, but
rather fluctuations in fleet effort  in response to discovery and devel-
opment of more productive fishing grounds elsewhere.

The outlook for the shrimp fishery in the bays of Shelikof Strait  is not
substantially changed from its history. In Wide and Puale bays adult
shrimp seem to be absent in 1979. Population trends have not been de-
tected in other areas .

The shrimp  fishery in Kachemak  Bay yielded catches fluctuating between
25,000 Ibs. per year and 1.9 mi l l ion  Ibs. per  year  dur ing  the  1960’s.
in 1!370, 5.8 million lbs. were harvested and the catch has remained s ta-
ble since that t ime, with total  annual catches ranging from 4.4 to 7.2
mi l l ion  Ibs. through 1978. Indications are that shrimp catches will con--
tinue  at about the same level.

Prior to 1971 there were  no closed seasons and the fishery was pursued
throughout the year. In 1971 some areas were closed  during  March and
April, the period of shrimp egg hatching. Beginning in 1973 the months
of March and Apri!  have been closed throughout the Kodiak management
area while in Kachemak  Bay the months of April and May have been closed.
With the increased fishery in recent years there have also been closures
for management purposes.

Shrimp l ife history involves a period during which the female  carries
developing eggs. IrI pink shrimp this is about s ix  months .  Shor t ly
before the eggs hatch, the ovigerous  females tend to congregate in deep
holes  near the mouths of bays where they remain for egg hatching. Stu-
dies were conducted in Kacheryak  Bay that followed the larvae  through
the i r  pe lagic  phase  until  sett l ing so that the outer portion of Kachemak
Bay is a known shrimp spawning area.

No other areas are known to be shrimp spawning areas with the same level
of established knowledge, but it goes without saying that every popula-
tion reproduces. The fished populations have been observed through the
f ishery  to congregate in the outer portion of a bay, in a deep hole,
where egg hatching occurs. Thus shrimp spawning areas are probably
located in Kukak Bay, Wide Bay, Puale Bay, Uyak Bay, Uganik Bay, Viekoda
Bay, Malina  Bay, Perenosa  Bay and probably a few other bays.

i7azor Clams

Commercial digging of razor clams ~ Siliqua  patula) has been conducted on
Swikshak Beach which is just south of Cape Douglas and on Pony Creek Beach,
which is just north of Tuxedni Bay. Extensive recreational and subsistence
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digging is widespread in the lease area. Razor clams are also dug for
use as bait for dungeness  crab from whichever beach is handy for the
fisherman.

Razor clams occur throughout the lease area wherever there are sandy
beaches. Known razor clam beds are identified in Figures 28 and 29.

In the Kodiak area, virtually all the digging has been conducted on
Swikshak Beach. Since 1960 there have been four distinct periods with
di f ferent  ca tch  levels . From 1960 through 1963 there were 297,000 to
421,000 lbs. dug each year, from 1964 through 1969 annual harvest ranged
from zero to 20,000 Ibs., from 1970 through 1974 annual harvest ranged
from 132,000 to 198,000 lbs. and since 1975 there have been only a few
thousand pounds harvested.

The causes of the fluctuations in catch are not related to the population
of clams but to regulations, market conditions and logistics of harvest-
ing in a remote area on a National Monument. The future of the razor
c l a m  ~ishery  is difficult  to predict. There exists a potential  to har-
vest perhaps as much as a million pounds of clams per year in the Kodiak
area . If mechanical digging is developed, this potential may be realized.

This fishery is conducted entire

Weathervane  S c a l l o p

The fisherv for weathervane seal

y during the summer months.

ops (Patinopectin  caurinus)  has been con-
ducted prifiarily  on the east side of Kodiak with about 24 ,000 lbs. per year
or 305% of the total catch coming from Shelikof  Strait during 1970 through
1976 (Table 8 ) . The catch has been primarily on the eastern and western
shores  in the southern half of Shelikof Strait  (Figure 30).

Table 8. Historic commercial catch of weathervane scallops in the Kodiak
area and the Shelikof  portion of the Kodiak area.

Kodiak Shelikof
Area Straitl

Year Total

1967 7,788
1968 872,803
1969 1,012,860
1970 1,417,612 3,000
1971 841,211 15,306
1972 1,038,793 74,140
1973 935,705 19,812
1974 147,945 6,895
1975 294,142 43,801
1976 75,245 0

‘Data for Shelikof Strait is not readily available for 1967,68, and 69.
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1976 by statistical area in Cook inlet and Shelik~f  Strait~”-”;he
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landed in 1976.

this time was 167,000 lbs. and no catch was
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The scallop fishery began in 1967 and expanded in the Kodiak area to 1.4
million lbs. in 1970 and decreased thereafter, with the last landings
made in 1976. A considerable amount of exploration was condllcted  by the
fishermen and it is considered likely that all productive a~:as have
been identified.

The future of the scallop fishery will depend upon a number of unpre-
dic table  fac tors . For example, at this writing the-e are rumors that
the east coast scallop fishery has declined and tbe vessels are consider-
ing t ravel ing  to  Alaska  to  f i sh  for  sca l lops . If this occurs, there will
probably be another period of scallop production.

STUDY AREA

The study area ?or this pro jec t  inc ludes  lower  Cook Inlet  ‘SOM the Fore-
lands south, including Kachemak and Kamishak bays, Yen-.:4  Entrance anc
al l  of  Shelikof  S t r a i t .

Cook Inlet receives the waters of several substantial rivers including
t h e  Susitna,  Matanuska,  Knik, 20Mile,  Kenai a n d  Kasilof.  T h e s e  a n d
others are glacier fed and contribute sufficient suspended material to
the inlet  that the entire upper inlet  and a substantial  portion of lower
Cook Inlet contains intensely silty waters. The shoreline around Anch-
orage and into lower Cook Inlet consist  of vast deposits of silt. Ap-
parently, considerable areas of the bottom of lower Cook Inlet  are cov-
ered by sand, which may be of overriding importance in the ecology of
considerable portions of the inlet. Water flow in lel~:+r Cook Inlet is
dcminated by tides and generally follows bathymetric contours. Tidal
current velocities exceed 4 knots in the central and lower inlet  and
exceed about 7 knots at the Forelands. The central part of lower Cook
Inlet is a region of high tidal energy, especially on the eastern side
but the Coriolis  effect results in reduced tidal energy on the west
side. Several features of mean flow (nontidal)  are disputed but highly
silty fresh water enters in the upper inlet,  flows out primarily along
the west side in the lower inlet and replacement inflow of entrained
marine waters flows north along the east side of the inlet.  Marine
water enters through Kennedy Entrance and part of it exists through
Shelikof S t r a i t . The waters of Kachemak Bay are exchanged little with
the water of the inlet (Science Applications Inc. 1977).

In Shelikof  Strait the mean water flow is constantly to the southwest
(Science Applications Inc. 1979) and the freshwater that exists in lower
Cook Inlet is found along the western side of Shelikof, with a gradual
widening of the plume to the southwest (Marine Coastal Habitat Manage-
m e n t ,  1 9 7 8 ) . In the summer this water is of relatively low salinity and
high in temperature while the suspended sediment load remains sufficient
for the water to be identified from satellite imagery (Marine Coastal
Habitat Management, 1978).
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SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

The field collections for this study were made in part of Kachefnak  Bay
and northern Kamishak Bay. The work in Kamishak Bay was c~~ducted  con-
tinuously  from May through September. Collections were made with beach
seine, try net,  gill  net,  trammel net and surface tow net. These are
described in detail  below. Temperature and salinity were  measured with
a Yellow Springs Instrument Co. Model 33 Temperature/Salinity meter.
Sampling locations are illustrated in Figures 31 and 32.

The field crew consisted of four people who were housed in camp facil-
ities in Cottonwood Bay during May through September. Dur ing Apri? and
November they stayed in Homer and the Kasitsna  Bay field station respec-
t i v e l y . Two outboard skiffs,  one 17 ft .  (5m) and one 21 ft. (6.4m) in
length were used for sampling and the M/V HUMDINGER  was irregularly
available for tow net and try net sampling beginning in l’!~y.

Beach Seine

The beach seine was constructed as shown in Figure 33. Appr~~~~”:’,
ft.  (15 m) Ionglines  of rope with small  anchors  were  attached  LO ewi~ end.
The net was set in an arc such that each end of the net was ustially  within
10 ft. (3 m) of the beach and the net was immediately retrieved. Sampling
stations were informally selected on suitable beaches so as to evenly
cover the study area. Once stations were selected, they were visited on
each successive cruise. Stations sampled by Blackburn  (1978) were
resampled.

.
Try Net

The try net was a standard 20 ft. (6.? m) try net purchased from McNeir
Net and Supply Co. It had a 22 ft. (7 m) foot rope, a 20 ft. (6.1 m)
headrope, and was made with 1-1/2” (38mm) #9 webbing throughout with a
1-1/2” (38mm) #18 bag and was dipped in green gard.  Otter boards were
15” x 30” (38 cm x 76 cm). It was equipped with a tickler of 3/8” (9.5mm)
chain which was slightly shorter than the footrope  so that it preceeded
the footrope when the net was in operation. It was pulled at about 3.5 kph
so that about 0.6 km were covered in one tow. The net was considered to
open about 5.3 m horizontally and 0.7 m vertically so that one tow sampled
about 3200 m of bottom. Sampling stations were selected in the field.

Gill Net

Gill nets were 6 ft. (1.8m) deep and 100 ft. (30.4m)  long and each
consisted of 25 ft. (7.6 m) long panels of l“, 1-1/2”, 2“ and 2-1/2” (25
mm, 38 mm, 51 m and 64 rnrnj stretch mesh knotted nylon. The nets were
hung to float, were anchored in the immediate vicinity of beach
seine stations and retrieved after about a one hour soak.

Trammel Nets

The trammel nets were constructed of three adjacent panels (two outer
324 and one inner) each 150 ft .  (45.7m) by 6 ft. (1.8m). The  two outer
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panels were made with 20” (0.5m) stretch mesh of #9 twine 8rnesh  deep
b y  168mesh  long. The single inner panel was 2“ (51 mm) stretch mesh
of #139 twine, 68mesh  deep by 2016 mesh long. All panels were white
knotted nylon. The lead line was 75 lb. lead core rope and the float-
line was 1/2” (13 mm) poly foam core line.

The trammel nets were hung to sink and were fished on the bottom. A
single net was anchored in the immediate vicinity of a beach seine sta=-
tion and was retrieved after approximately a one hour soak.

Tow Net

The tow net was constructed as i l lustrated in Ftgure 33. It was held
open vertically by spreader bars of 2“ (51 mm) galvanized water pip’:
and was held open horizontally by a towing vessel on each side. It
opened approximately 10 ft. (3 m) vertically and 20 ft. (6.1 m) hor-
izontally when fishing. It was towed at the surface between a skiff
and the charter vessel on approximately 100 ft. (30.4 m) of line for
10 minutes at approximately 3.5 kph so that about 0.6 km wers cwerod
in one tow. Sampling stations were informally selected to ccw:r  the
study area.

Sample Handling

Immediately after capture, catches were sorted to species when possible,
counted, weighed and recorded. Life history stage was recorded when it
was possible to determine and for some species the catches were sorted
by life history stage, i.e. adult, juvenile and larval. The stcmach was
removed from large fish after they were weighed, measured and the data
recorded. Small fish were preserved whole for food habits analysis and
1 engths of these were not taken in the field. Lengths were recorded from
a large portion of the fish that were not used for food habits analysis.

Maturity state of adult fish was recorded when t~ey were opened for sto-
mach rmoval  and in some cases samples of fish were opened expressly t o
determine maturity state. When sex products were observed to flow freely
frcm fish this was recorded. Due to the lack of knowledge of the appear-
ance of the gonads before and after spawning for the many species handled,
the maturity state observations are considered of value only when freely
flowing sex products were observed.

Data Limitations

The community of fishes observed during faunal  surveys and the relative
importance of species or species groups within the community is largely
a function of the sampling tools employed. Try nets, beach seines, tow
nets,  and especially trammel nets and gill  nets are selective. Sizes
and even species of fish captured are influenced by such features as
mesh size used, gear configuration, towing speed and method of employment
( beach seine may be set far from the beach and pul led to shore or set
with the ends nearly ashore, as it was in this study). Passive gear such
as the trammel net and gill net depends upon the activity of the fish to

This section is adapted from a similar discussion for trawls by Alverson
et  a l .  (1964) .
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the p r e s e n c e  o f  t h e  n e t , body size and shape, presence of spines, behavior
and other features. Even species within the size range which theoretically
would be retained if engulfed by a towed net may differ in their abllit’t
to avoid the mouth of the net. The selective feature of all gears thus
alters the species composition and sizes and quantities of s;ecies
captured from that which occur in its path. The degree to which “apparent”
distribution and relative abundance differs from the actual is unkno~;n.
Subsequent discussions of distribution and relative abundance of species
reflect the results obtained with the sampling gear employed.

The beach seine and tow net each yielded large numbers of age O fish,
including larval,  post larval and early juvenile stages. The early ~tages
were difficult  to identify and too numerous for field crews to in~lide  in
the data. However, samples were routinely taken, identifications made, and
estimates of abundance (1, 10, 100 or 1,000) entered in the data. When
these fish (almost exclusively herring and sand lance) became juveniles
they were still coded as larvae to eliminate the problem ~f in terpre t ing
an increases in abundance over a short time period.

Food Habits Analysis

Specimens for food habits analysis were selected from those capc~red  ti.~ng
the list of priorities and maximum number per cruise shown in Table 9.
The total t ime available for food identification was allotted by cruice
and as many specimens were examined as time allowed. During the sample
analysis the project was extended and due to State of Alaska employment
rules, the time available could not be extended without an extended de-
lay, hence available time was less for analysis of later cruises.

Food habits analysis began with determination of the ler@h, in mm and
weight to the nearest 0.01 gm for fish less than about 300 gms and to
the nearest 0.1 gm for larger fish. The stomach was removed, its fullness
estimated and the weight of the total contents was determined to the near-
est 0.01 gm. The gut contents of many of the small fish, especially the
salmon, was so small  that this was inadequate. The food items were sepa-
rated, identified to the lowest possible taxon,  counted and the weight de-
termined by weighing or by estimating proportions.
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Table 9. Priority list for selection of specimens for food habits analy:’-

.

Maximum number
PRIORITY analyzed per cruise

Sand lance
Herring
Dolly  Varden
Chum Salmon Fry
Chinook Salmon Fry
Red Salmon Fry
Coho Salmon Fry
Pink Salmon Fry
Whitespotted  Greenling  J u v e n i l e
Mhitespotted  Greenling  Adul t
Masked Greenling  Juvenile
Masked Greenling  Adult
Capelin  ‘
Eulachon
Longfin Smelt
Great Sculpin
Yellowfin Sole
Starry Flounder
Rock Sole
Staghorn  Sculpin
Pollock
Pacific Cod

25
25

$;
15
15
15
15
15

1
10
20

1:
20
10
10
10
10
10
10

‘.

. .



RESULTS

Catch Results

Identified in lower Cook Inlet were 21 families and 67 species of fish
(Table 10). One species, t h e  p l a i n  sculpin,  canmon in try net hauls,
constitutes a range extention. This species has been previous ly
recorded in Japan, the Bering Sea, Sea of Okhotsk,  the Aleut ian  Isldr,ds
and as far east as Cold Bay on the south side of the Alaska Peninsula
(Quast and Hall, 1972). This was one of the two taxa of Myoxocepha-lus
that were identified in Cook Inlet. The buffalo sculpin  was reported

-- ----

to occur from Monterey, California to the Gulf of Alaska and Kodiak
h~ Hart (1973). This species was captured in Kachemak  Bay.

Considerable confusion exists in the taxonomy of PlyoxocepK~(~u~  ilnd
Gymnocanthus. This was partially cleared up during this ::(-l~y. The

. . ----

Myoxocephalus  were found to be great sculpin  and plain srf”,pin In C o o k
Inlet and in Kodiak the warthead sculpin~.  niger) and a fI!’ ‘fl;~cipr”
of an undescribed species were also captured. The Gymnoc?nthti;  tie,..
identified as threaded scul~in in Cook Inlet and Kodiak and annorheaci
sculpin  (G. qalealus)  in Kodiak. Confusion in the identification of
Bathymasterids  was uncovered when obviously different taxa that keyed
to the same species were sent to Norm Wilimovsky,  who responded that
several of the specinens  were an undescribed species that has long been
recognized to exist .

Relative Abundance

The numerically predominant taxa in the beach seine catches were Pacific
sand lance, juvenile chum salmon, Dolly  Varden, juvenile pink salmon, Paci-
fic herring, longfin  smelt,  whitespotted greenling, Pacific staghorn
sculpin,  i+yoxocephalus  ~., and starry flounder (Table 11).

The weight predominant taxa in the try net catches were yellowfin  sole,
tanner  crab ,  but ter  so le ,  flathead sole ,  Paci f ic  ha l ibut ,  rock  sole ,
arrowtooth flounder, king crab, Myoxocephalus ~., and walleye pollock
juveniles (Table 12).

The numerically predominant taxa in the tow net catches were Pacific sand
lance ,  Paci f ic  herr ing ,  whi tespot ted  greenling,  capelin,  juveni le  p ink ,
sockeye, chum and chinook salmon (Table 13).

The numerically predominant species in the gill net catches were adult
Pacific herring, chum salmon, Dolly Varden, and Bering cisco (Table 14).
The numerically predominant species in the trammel net were adult Pacific
herring, whitespotted greenling,  sturgeon poacher, yellowfin  sole, masked
greenling  and Pacific staghorn sculpin  (Table 15).
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Table 10, Fish species captured in Cook Inlet by beach seine, gill net,
trammel net, tow net and try net April-October, 1978.

PetromyzontZdae
Arctic lamprey

Squalidae
Spiny dogfish

R~”@e
Big skate

SaZmonidize
Bering cisco
Pink salmon
Chum salmon
Coho salmon
Sockeye salmon
Chinook salmon
Dolly Varden

Clupeidae
Pacif ic  herr ing

OsmerLZae
Surf smelt
Capel in
Longfin smelt

Gad{dae
Saffron cod
Pacific cod
Pacif ic  tomcod
Walleye pollock

ZoarcMze
Wattled eelpout

Gmite?osteidue
Threespine sticklebacks

Seorpamidae
Rockfish

fiexagnunmidae
Masked greenling
Whitespotted greenling
Lingcod

Lampetra  japon<ea

Squahis acanth<as

Rqja .Mnoculata

Co~egom48  Zawe+tae
oneo~hynolnis  goz@uscha
Oneo~hywNws ke-ta
oneoP?lynC?hus ktsuteh.
0neoA2jnc?u4s ne2i2.a
OneoN-nywhus  -bshawytscdw
Salvelinus rnalma

CZupea  hu.rengus  pal?czs~

Hypomesus  p~etiosus
MaZ_Lotus vil~osus
Sp<tinchus  -Lhale+ehthys

Eleginus graeil<s
Gadus mac~oeephalus
Mic~ogadus  p~oxbrus
The~ag~a chah?ognzmma

Gasteposteus  aeuleatus

Sebastes  sp.

Hexagra?rnnos octogm?m?w
Hexagrammos  stelleti
Oph<odon elongatus
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Table 10. (continued)
—— -

Anoplopomahicke
Sablefish

Cottidae
Padded sculpin
Crested sculpin
Sivlerspotted  sculpin
Sharpnose sculpin
Spinyhead sculpin
Buffalo sculpin
Threaded sculpin
Irish Lord
Yellow Irish Lord
Bigmouth sculpin
Northern sculpin

Pacific staghorn sculpin
Pla in  sculpin
Great sculpin
Ribbed sculpin

Agonidae
Sturgeon poacher
Smooth aligatorfish
Fourhorn poacher
Bering poacher
Tubenose poacher

Cyc20pte~<dae
Ribbon snailfish
Tidepool snailfish
Slipskin  snailfish
Showy snailfish
Ringtail  snailfish

Trichodbntidue
Pacific sandfish

Bath.ymasteridae
Alaska ronquil
Searcher

Stichaeidae
Snake prickleback
Daubed shanny

Pho Zidae
Crescent gunnel

Anoplopoma fimbria

Artedius fenes-h-wlis
Blepsias biZobus
Blepsias eirrohosus
(Tlinoeottus acuticep
Dasycottus  setige?
Enophrys bison :~
Gymnocanthus pistil<ge~
Hemilepidotus  sp.
Hemilepidotus  jordani
Hemitriptezws  bolini
Icelinus borealis

Leptoe?ottus  armatus
Myoxocephulus  jaok
Myoxocephalus  polyacanthowphaitis
Ttiglops pingeli

Agonus acipenserinus
AnopZagonus  inermis
Hypsagonus quadricornis
Occella dodecaedron
Pallasina  barbata

Lipar?k cyc~opus
Lip&s fi!orae
Liparis fucensis
Lip&s pulchellus
Lip@is rutteri

Trichodm trichodon

Bathymaster eaeruleofasciatus
Bathymaster signatus

Lumpenus sagitta
Lwnpenus maculatus

Pholis Zaeta
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Table ~0. (continued)

Arrrnodytidae
Pacific sandlance Arrunodytes hexaptems

plamonectidae
M;o~:;:th  flounder

Flathead sole
Pacific halibut
Butter sole
Rock sole
yellowfin sole
Dover sole
English sole
Starry flounder
Alaska plaice
Sand sole

Atlwwthes stomias
Glyptocephalus  zachhw
Hippoglossoides  elassodon
Wppoglossus stenolepis
Isopsetta  isolepis
Lepidopsetta  bilineata
L<mandu aspe~a
M<e~ostows pacif~eus
PaYopllrys vetdus
Platiehthys steZZatus
Pleuwoneetes quatitube~eulatus
PsetticWlys meknostictus
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Table Il. Qelatfve abundance and rank Of major taxa frc+n  beach seine catches in Cook Inlet, April-October, 1978 based on total number
captured in all cruises, larval staqes  e x c l u d e d .

—-. — .

APRIL
Taxon

MAY JUNE
Tf=Tl  }.1< lfi-’+T  1-l K l<-?.

JULY
I-lc I.–T

AUGUST SEPTEMBER OCTOBE. OVERALL “
. . .. -,. -,, .,. —. . . . . ,.-O i 1-15 16-31 1-15 6-30 l’=3T Rank— —  _ _ % of total

Facific  sandlance 5.4 m 43.7 39.7 ?.4 12 .7 10 .8 12 1
Chum salmon

1 5
58.1

80.8 54.3 77.7
16.0 13

——–i-----3z&-----”-
16 9 Isl”.s  C’7 1.7 2 13.623.1

13.2

3::;
1.(7

10.9
1.0
0,1
1.8
3,6
1.3

0.1 0,3
1.0 0.1

0.1
.::: 0.2
0.4 0.2

Dol l,v Varden
.i.6 6.4 27.5

Pink salmon 84.8 8.1 6.8 0.5
Pacific herri”q 0.5 0.3
Lonqfin smelt 1.6 15.5 10.1
Whi tes  DOt ted qreenl ina 4.4 0.9

,. ...,. -.. ,
192, ,,,, . 12.7

2.0
9.4
0.5

:::
5.6

0.2
0.2

::;
0.7

7.1

0.2

0.5
1.1

. . . . . . . . . ,.0 2.5
?.5 llRn7

1.1

2.0 11.8
: 8.3-.-, . . . . ,

1.9 3.2
)7.4
13.8
3.5

7.2
: 4.7

4.2
;

1!; 9 i:!
1.3

1’ 1.1
1.6 12 i.1

13 0.9
1.6 14 0.5

0.9
!:
17 :::

!:; 18 0.2
0.2

;: 0.2‘.
L 0.2
~., 0.1
2) 0.1

0.5
6.1
0.5
0.5
0.8
(),9
0.8

0.9
0.9

0.6
0.2

0.3

1.1

1.7
2.7

l!. i
0.2
0.8

3.0
0.6
3.7
o,?

8:;
0.3
3.1
0.9
0.1

2.1
2.1
2.7
1,6
1,1
3.?
0.3

1.3
0.8
0.3
1.1
2.4
0.5

0,3
0.3
0.3

Pacific staqhorn sculpin 0.5
y:;:;?~~;:e:r 5,4 1;:: 2.5

16 In
0.5
0.7
0.8
0,9

1.0
3,8

Snake prick leback 0.4
Rock s01(? 3.2 1.4
nacific sandfish
Tubenose Doacher

?.7
3.6
0.2
0.5
1.7
1.0
0.3

0.3
0.5
0.5
1.1

2.1
0.2

0.5

0.3
0.2

2.5
1.1flerinri cisco

Sturaeon Doacher
Surf smelt
Coho  salmon
Threesnine  stirkleback
Saffron cod
Sand sole
%s&ed oreenlinq
Ch<?oOk $alm~”
Hexagramnidae
?~dded sculpin
Pacific tomcod
8erinq poacher
Sharonose  sculpin
Crescent aunnel
Alaska plaice

8:;
0.1 0.2

1.9
0.3

1.6 !:!
0.9

0.1
0.8

.0.1

.0.1

.0.1
0.1
.01

0.2
.0.1
0.1
0.1

0.2

0.6

0.2

0.2

0.2

0.1
0,4

0.2
.0.1 0.1

.0.1
<01
-0.1

0.2
0.1 0.1

_.. . . . .

\

Table & Relative abundance and rank of major taxa from try net catches in Cook Inlet, April-October 1978. The weight percent of total
and rank are based on the total ko captured in all cruises,.—— —————.. .—

APRIL MAY JUNE JULY AUGUST
Taxon ~(j 1.15 16-~ ~–~ 1.15

SEPTEM8EL?
16-7 1-15 16-3’T

0CT08ER OVERALL
~~~ ~ Rank Wt. % of total

Vellowfin sole 15.4
. . .

72. o
—

30.2 20.1 42. o
Tanner crab 15.7 17.9 60.9 21.8
Butter sole 7.2 21.3 2.4 2.8

5.1 5.7 12.5
2.9 0.9 5.8
3.4 0.3
0.8 2.6 H

44.6
19.6 ;

3
4
5
6
7
8

39.339.4
20.9
24,0

2.7
2.5
0.6

4.4
0.5
0.9
0.3

2.2

0.6

0.4

0.4

Flathead sole
Pacific halibut
Rock sole
Arrowtooth flounder

6.2

5:484.6 0.6

1.1
0.4

Kinq  crab
Yvoxoceohalus  W.
14alleye  rj~llock
Whi tesootted  oreenl ina
Yellow Irish Lord

7.2
1.3
2.3 2.2
1.8 0.8
1.0 1.3
0.5
0.7 0.3

0.5
3.8
3.0
0.9
1.3

0.5

0.2
0.1

6.4

1 !6
2.7

:::
3.6

1.6
1.6
1.5
1.2
0.9
0.8
0.7

1.0
2.0
1.2

Threaded sculpin
Ribbed sculpi”
Ounneness crab
Starry flounder
Searcher
!iattled  eelnout
Unid. crab
Stu MIt?OrI DO.3ChW
Unid. sculuin
Enqlish sole
Pacific tomcod
Unid. crab
Lonafin smelt
Pacific staahorn sculpin
CaOelin
Pacific cod
Sablefish
Pacific sandfish
Plask.a”  ronquil
Bin skate
nO, er 501~

-.

2.0

1.9
0.8
0.1

0.7
0.3
0.3
0.3
0.2
0 . 2
0.2 t
0.”/
(’,.2

0.9 0.1
0.8 i.1

0.4 0.1

0.4
T

1.3
0.4
1.3

0.9

0~8

0:7

T

0.8

0.5

1.7

0.2 0.1
0.1 T 0.2 0.1

0 . 1
0.1
0.1
0.’1
0.1
0.1
0.1
0.1

0.3 0.2
0.6

0.1
0.4

0.1
0.1 T 0.1 33-.—
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Table ~. Relative abundance and rank of major taxa frOm  tOw net catches In COOk  lnlet. Aprfl -October, 1978 based on total number captured
in all cruises, larval stage excluded. 1 — .— .

APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBE~
Taxon 11-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 ~
— .
Pacific sandlance 12.1 94.2 1.8
Pacific herrinq 70.7 (3.4 34.8 28.8 7.8 33.3
Whi tespotted qreenl inq 1.7 50.0 3.6 5.6 7.8 3.9
Cauelin 17.2 2.0
Pink salmon 45.6 19.6 30.8
Sockeye salmon 0.2 13.6 3;::
Chum salmon 16.2 15.6 25.5
Chinook salmon 9.0 15.6 9.8 5::: 100.0

Hemilepidotus  SD. 3.1
Coho salmon 0.9 4.4
Arctic lamore.v 2.2 3.9
Pacific sandfish 3.3
Starrv flounder 0,9 3.!7
nOl 1 v Varden 0.2
Threespine  sticklebacks O.q
LinrI cod 2.0
Bath,wnasteridae 0.2
Rock sole 3.9

—. ——.- . . . . . . -—. —— —-- —-. .. —-. — . . .— .

OVERALL
Rank % o f  total——. — .—— —--——.

1 41.3
2 28.6
3 6.3
4 5.2
5 4.7
6 4.5
7 3.5
8 3.3

1.2
1: 0.4
11 0.2
12 0.2
ii c?
14 0.1
15
16

::j

17 0.1
18 0.1. . .. —-.-. ——--——.  -—

! If larval staqes  are included the rank and percent of total catch Of the toP four taxa  is: pacff ic herring. 1, 49.4%;  paciffc sandlance~ z, 30.1%;
Cavel in, 3, 7,0” and Idhitesootted  greenling, 4, 3.0%.

1.ole 14. Relative abundance and rank of major  taxa from qil 1 net catches  in cook Inlet, April -october.  1978 ba$~i ~n ‘Otal number
cantured in all cruises, larval staqes  excluded. —.——

Taxon

Pacific herrinq 85.7 25.0 20.0 58.3
Chum salmon 60.0 11.1
Jol lV Varden 50.0 20.0 8.3
.!lerinu cisco 14.3 2.8
Spinv doqfish 5.6
Pink salmon
Sockeve salmon 2.8
Pacific staqhorn sculpin 2.8
Starry flounder
kfhi tesootted meenl i nq
Unid.  Salmonid

APRIL MAY JUNE JULY
~ %15 1 6-31 1-15 16-30 1-15 16-3T

5.6
2.8

25.0

AUGUST
1-15 3T

SEPTEM8ER CCT08ER
TTS-T-$X  -–—,..1

33.3 100.0
33.3
8.3

16.7
8.3

25.0

25.0
25.0

25.0

Table 1S. Relative abundance and rank of major taxa from trammel  net catches in COok inlet, April -october~ 1978  based On tOtal  number
caotured in al 1 cruises, larval staqe  excluded.

+!& MAY JuNE JULY AUGUST SEPTEM8ER _0CT08ER OVERALL
Taxon 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-31 Rank % of total

Pacific hkrrinq 34.6 1.4 54.9 5.3 2.3 7.1 1 25.3
tihites~otted  qree”li”q 3.q ;::; 15.4 10.5 ~.; 22.2 63.6 34.8
Sturqeon ooacher

14.3 20.0 25.3
26.9 3.7 21.1 6.8 17.9 : 11.3

Yellow fin sole 24.3 9.3 16:7 4.6 3.6
Masked qreenl inq

10.0 4 9.6
4.9 21.1 8.3 11.1 2.3 21.8 20.0 5.4

;Pacific staqhorn  scul Din 15,4  2.7 3.7 33.3 2.3 17.4 7.1 5.4
Saffron cod 2.7 3.7 31.6 2.3 7 3.7
Rock sole 11.5 1.4 1.2 10.5 16.7 2.3 8.7 10.0 8 3.4
Ounaeness crab 8.7 35.7 3.0
Pacific toincod 11,4  8.7 1: 1.7
Berina cisco 1.4 11.1 20.0 11 1.0
8utter sole 1.9 11.1 12 1.0
Soinv doafish 2.7 0.6
Sand sole

13 0.7
8.3 7.1 14 0.7

I.!al 1 eve Dol lock 15 0.5
Starrv flounder 2.3 16 0.5
Unid.  crab ::: 10.0 17 0.5
f)ctwxls 10.0 18 0.3
Sia skate 11.1
3011 v Va-den

0.3
0.6 ;: 0.3

Crested <cul pin 1.4 21 0.3
_——. — .—

7.7
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Table %. Beach seine catch in nu.lers of individ,(als] Per tow and standard error. by taxOn and cruise  <n COOk  Inlet.  1978—.— . ..—
>E~TEMB E R Oc ;::M+F
1-15 T%-”3n

WANTaxon

PacIfIc  he.rin.
Ber~nr? Cisco
@iqk sal”m.
:?,. Sal-lo.
:e. @ 5a’T.
?cckeve s31w.
:.)i.(lok Sal”lo,
2011v  !arden
s ,.. S.elt
Lon”f!n  smelt
Saff.o.  C*6
Pac, $,c cod
Pac I fic to.cod
walleye nol lock
ThreesDine stlckleback
Rockfish
Grpenl  j“”
Vasked oreenl in.
Nhi tesoot  ted oreenl inq
Line cod
Padded sculrin
Silversootted  sc.l Din
SharDnose  scul Di.
Buf<aio  SC 1,1 DI.
Ir, ,h 1Gr6
yellow  lr,s~ Iwd
Northerv  sc.lpin
Pa. iflc .tauhovn  SCUIOI.
‘,, .,, .?:, ,1, s SD

St,j.qec. reacher
B?r!nc ~oacher
~. benose noacher

0,30.. 3.32,1
~, !,, 0.2.0,1

3.8 L2,0
6.2~1.2

1 o.1.T
T

o.l:T
2.111.9  0.40.3 5.3!1.3
O. I+C.1  O 20.1 0.1.1
1 .6,1.3 2. 1-0.?

3.1 T
7

—
1 .2,1.0
0,1.0,0

T
1 .9.0.8

T
2.7,1.3
0.3t0.2
3 ?~2. o

T

T

O,l!o.1
0.6,0.3

T
0.2*0. I

T

4,1 -2.5
0.8.0.3

0.9<0.6

3.4?3,4
o.1~o.1

,
88.3~2.4

0.3!0,1

O 8!0.4
T
T

T

31

0.20. I 0.1.0.1 26.2.19.1 0.7. 0.4 0.6,0,4 0 80.7
C.l.o. l 0.4.9.3 0,9! 0,3 0.1. 0,1 0.6:0.3 0.2.0.1
2. Q.1.1 0.2.0.1 7.2, 5.1 26.3.25.2 0.8,0.4 2.9:1.5
6.9,2.1 0.4.0.3 19.7 7.7 17.3.  7.2 4 8+2.7 10.1 .5.0

0.34 0.1 0.2. 0.1 T

0.2. 0.1
~]

1.5, 1.1
o.4~ 0.3

0.1, 0.1
17 6.13,9

T

0.4. 0,2

T

0.6! 0.4
0.2. 0.1

0.6~ 0.3

T

0.3!0.3

o 2+0. :

0.10.1

7

T

21

11 1 .6.3 0,8!0,8
6.0,3,3

0.2.0.2

9,20.2

0.2.0.2

0.6-0.4

0.3.0.3
T O.l. o.1

0.3.0.1
4,2.1 4
0.240.1
01:01

1 .50,5

O,l!o.1
O.l*O.  I

0.2+0,1

0.2:0.1

3.0+2.6

0.2!0. I

0.20 1

o.l~o  1

26

2,8.0.8 8,75,5
T L3.1.  o.l

6,7.4.8 3.2,2.1
0.1.0 1 0.240.1

0.2,0.1 O.1!o.1
O.ii O.l
0.4+0,3  0,7.0.6

iT
0.1,1

T T
(1.1 :,

0,1. 0.1
0.1! 0.1 0.1 .0.1

0 6.0,6
0,30.3

2.4. 0.4 4.3.1.9
0,210.2 1,.1.  T
0.1?0.1 1.9,  C >

T
0.4.0.1 0. 7.0,6

T 0.1.0.1

0.1. o.1

0.1?0.1
0.1?0.1

T
T

0.2*0. I T
T T

T
T

L., ?O.l T
!3.9:0.7 O.1-c  1 0.9:C 3
3 70.3 2.- ‘d JJ. O. I

0,1. o.1
.50?

1 7 q.4 I 3:2.3

0.7~0.6  9 7+0.5

0.2.0.1 0.7.0,4
1 .1.0.4 0.8,0.4
14&rT.2  9.2.0  2

0.10.1

0.2+  0.1 1 1 .0.5
0 3. 0 2 0.3.0.2
0 1, 0.1 0. 3,0.3

0.2$0,2
‘3 2. 0 2 0 ,2.0.1

i 9 1.T
0.1+[ i T

o 3:0.1 o.2fo.  l
T TD,n”ta)l snail  f)sh

Dacif, c sand f,sh
!“ake t’r]ckleback

n 1 .7.1
0 2:0.1  0.3+0.2
O.1:o,1

18.9+ 18.712,5+12.5

0.6+0.2 l, OLO.4
0,1 +0.1
O 4)0.~ 0,5:0.2

T
0.40 3

0.1?0.1
o 5: 0.3 0.9*0.3

0,1?0  1
8,6- 5.8 I;%f

0.6$ 0.4 1 .1.0,4
o.1~o.1

o.5~  0.3 1 20.5
0.1:0.1

Crescent a,nnel
~aclf.c  sandlance
3dtter sole
Rock sole
Yel low fin 521e
Starry flc. ride.
Alaska pla>ce
S4.4 soe
Pacif,  c h,,~b,!t
Twrmeness  .rab

T 0,340,1 0.5?0 1
,

0.3.0.2

n.?.n.2

7 6

0.9+0.6 0.6t0.i
T

9.1;1
T

T

27 28 255

0 2,0,1

0.1  0.1

‘lumber Of hauls 30 12

juveniles  and adults  onlv
‘Sa..les  in fi”rl!  and Octobe.  were I. Kache.ak Bav. all others were in Ka~lshak  Sav

Table ~7. TrY net catch in kg Oer 10 ~in,  te to. and standard errOr bv taxcn  and cruise in COOk inlet.  1978.
—

APRILI WY AUGJJS~ SEPTEM8CR OCTOBER1
m—i-15 16-31

~axon
=—’ 16-31 I-15 16-307

MEAN

J U N E
1-15 16-3ii

JULY
T-l 5 16-31

Kinq crab
Tanner c?ah
O.noeness crab
CaDelin
Lonofin  Sn)elt
Pacific  cod
Pacif,  c t“mcod
walleye Dollock
Wattled eelnout
UhiteSDOt!ed  rlW?nl{. rT
Sablefish
Th.eaded  scul.  in
Yellow Irish Lord
Pacific staaho  f-n scul Din
Woxoceo halus SD.
Qlbbed  sc.lpin
Smooth alioatorfish
Sturqeon noacher
Slios  kin snail yish
Showy snallflsh
Pacific sandfish
alaskan  rcnwil

16,1,16.1~  7.4,5.4
1 ,3:0.6 1 .4+0.3
0.1,0.1 TU

125-,3 0.4.0.4
1 ,9+0.5

0.5.0 5
1 .3.0.8

T
T
T

0.2.0.1
o.l,  T
0. 1,0,1

T
o.l,  T

0.1 ,0,1
T
T
T

T
T

O.l~T
O.l~T

0.4.0.1
1.61.4
0.2.0.2
2.30 4

0 2,0,2

5

2.2

0.2
0.1

rll
0 2

0.1

5.5.1.5

T
T

0.2.0.1
O.l T
01, o,1

T

o.l. T

T

T
T

T
0.2+0.2

0.5,0,2
0.2+0.1

T
1.8. O.8

0,1 ,0.1

4

0.8?0.4

0.2.0.1

O.l, T

T

T
T

T

o.l T

0.5+0.2
O.l. T
o.IIT
1 .740.6

0.2,0.1

10

0.2,0,1

T
T
T
T

o.IIT
T

o.l?T
T
T

o.l!T
T

O,l!T

:
T
T
T
T
T
T

O.l:T
T

0.4.0.1
0.5.0.2
o.l!T
2.1,0.4

T
T

0.2-T

50
_..

T

T
0. 1,1

T

T
T

0,1. T 0.1.1

0.2. T
o.l?T

T
0.2!0.1

T

O.l,  T

T
O.ltT

T

T
T

T
0.3*0,1

T

T
0.2?0.10.2,0,1

2.2,1.3
T

3.61,0

0.20.2
iT.2. o.l

5

0.8.0.1
0.2, T
O.l,  T
2.1.0.5

0.2.0.1
1.5.0.9

T
0.1 ,0.1
0.50.2

9 0. .- 0 150
all others were in Kan,ishak  Ilay
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Nearshore Habitat

The nearshore habitat was sampled primarily by beach seine, gill net
and trammel net (Tables 16, 19 and 20). This zone is the first marine
area occupied by juvenile pink and chum salmon when they enter salt
water in the spring. These two species were the most abundant taxa
in April and early May beach seine catches. Dolly Varden were the pre-
dominant species in the nearshore habitat in terms of blcmass.  They
constituted 30% of the weight of the beach seine catches throughout
the study. This species did not appear in April; the first Dol l ies
were captured in early May and they increased in abundance until  at
least early June, since they spend the winter in streams as well as
intermittent periods during the summer in streams. Dollies are gen-
erally restricted to the immediate nearshore zone. They only occurred
in abundance in the beach seine and gill net.

Sand lance were the numerically predominant species in the beach seine
catches. They are primarily a pelagic species that also occurs near-
shore. During April  and early May they tended to occur  singiy, Wnich
is unusual for this schooling species.

A small number of hlyoxocephalus  ~. juveniles (essentia,l~y  all :r:a;
sculpin)  about 5 to 12 cm in length and one year of age occurred regularly
in the nearshore zone during April, May and early June. These same fish
were found in the nearshore zone in Kodiak at the same time (Blackburn,  1
1979a). A few whitespotted greenling  occurred in the April nearshore
samples that were pelagic phase juveniles less than one year of age.

Although it does not appear in the samples, herring use the nearshore
zone during the April through early June time period to spawn. A con-
siderable herring fishery occurs each year in the immediate vicinity
of the field studies in Kamishak and also in Kachemak  bays, as was dis-
cussed in Status of Knowledge. In the Kamishak area the spawning period
of herring was accompanied by the greatest mammal predator activity seen
during the summer. Seals and porpoise were common throughout the area
traversed by the field crews in late May.

During June through early September the nearshore zone was utilized more
than at any other time period. This is associated with the movement to
shallower water during summer by virtually every fish species (Blackburn,
1978 and 1979). Sand lance occurred in modest numbers through most of
this time, being more abundant in early June and much more abundant in
early September.

Larval herring were abundant throughout the summer, particularly in the
latter half as they became large enough to be retained by the net and also
be seen. They were abundant at all locations and seemed to be largest at
stations located inside bays.

As in the spring, juvenile chum and pink salmon continued to be abundant
in the nearshore zone through the summer. Chums were present in abundance
later than were the pinks. Dolly Varden continued to be abundant in the
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Table ~~ Tow net catch in number of individuals ner km and standard error by taxon  and cruise in Cook Inlet, 1978. ]

_____ ._ ———. —. — - .  — . . . . .
qD~[L: MAY JUNE JuLY AUGUST
11-30 TIT

SEPTEMBER
–-T- ii

OCTOBER>
l-.~––--l~o 7=T5 16~- i-l~’”-= l--i5 ‘ - T30 “T=Jl-

T~

Arctic 1 amDrey
?dcific  herr<no
Pink salrmn
Chum salwn
Coho  salmon
Sockeye salman
Chinook salmon
Ool lV Varden
Caoelin
Three=, oine sticklebacks
Whites  uotted  ~reenl ina”
Linn  cod
Irish !nrd
Faci F)c saodfish
Ronauils’
Daci’ic sandlance
Q.ock sole
Starry flounder

MEAN_ - .  .—
T3

5.84.3
1 .010.5
o.7fo.2
0.1$0.1
0,9:0.6

0.2,0.2 0.7!0.2
T

—
0.3+0.2 0.1?0,1

229.2,229.2

55.8.5.8

39.215.8

0.2! 0.1 6.2?3.9

0.2!0.2
2,4!1.5

3.02.7
0.20.2
1 ,7.0.7

3.9!3.6
0.90.6

0.9?0.6 1.9tl.9
5.3f3.7  1.1!0.5 0,7*0.5
1 .8.1,1 1.4!0.5 n.l,n,  l
0.5,0.5

0.1, 0.1

0,1: 0.1
1 ,8*1.3 0.5>0.4 1,1!0,5

0.1!0 1 1.1;0.7
T0.2,0,2

8,9!5.5 0,6*0.6 o.4io.4 o,l ‘~. ]
O.lto,:

1 7:0.6
r

o.3io.3
T
T

0,9. 0.6

1,54 1.5

O.li 0,1
45.5?45.5

0.4!0.2

0.4.0,4

0.2.0 I

0.1.0.1

Number  of tows o 0 2 18 11 18 13 15 20 0 0 10 107
——_ _  ——— — _——. —.—_—

‘Juveniles ~.d ad(.lts onlv
‘Samoles in fiDrIl dn,~ October were in Kachemak Bav, all others were in Kamishak  BaY
‘T <O. ilc, ,?<. d,,~ls
‘Lat P ‘~,,?” : , Parlv  oelanic iuven, le stane

‘,h G lx Gill net catch in numbers of Indlvldudls uer set and standard error bv taxon  and cruise in Cook Inlet, lgfs.
—— .—-. —- —--—

APRIL) MAY JUNE JULY AUGUST SE PTE;(B  i: _r&@~ ‘?
11-30 1-15 16-31 1-15 16-30 i=l 5 16-31 1-15 16-3’ 1-15 16-30 1-31

Taxnn MEAN

0.5+0.5
5.3.4.6
0.2?0.2 1.0

0,5.0,5
0,5.0.5

0.5!0.5

Spiny doofish
Pacific herrinq
8erinq cisco
Salmon idae
Pink salmon
Chum salmon
Sockeye salmon
0011Y Varden
Whites ootted areenl ina
Pacific staqhorn  scul Din
Starry flounder

3.0-3.0
0.5:0.1

0.3+0.3

0.3.0.3

0.2,0.2

2.0
1 .0.0,7 4.0 1.0
o.2to.2 1.0
0.7+0.5 4.0
0.2.0.2
0.2.0.2
0.5,0.5

0.7+0.7

0.2.0.2o.7to.3

0.5:0.5 0.1!0.1
0.1+0.1

Number of sets 2 3 4 4 1 1 2 2 19
—

‘Samoles  in Aoril and nctober were in Kachemak 8aY, all others were in KaPlshak  ??,

Table 20. Trammel net catch in numbers of individuals per set and standard error by taxon and cruise  in Cook Inlet, 1978.

AP?IL ! MAY JUNE JULY AuGuST SEPTEMBER 0CT08ERI
11-30 1-15

— —  ..—
16-31 1-15 16.-TO r-15 16= 1-15 16-31 m 16-30 ~

Ta XO” ME4R
. -. ——— .—— . .

o c t o p u s 0.2+0.2 T2
Unid crab 0.540,5
Dun~eness crab

0,2+0.2 o.lfT
0,4+0.4 5.0+5.0 0.320.3

Soiny  ao~<ish 0.3.0.2 0.21 0.2 0,3,0.3 O.liT
3iQ skate 1.0
pacific herrino

T
q.o 0,1.0.1 ‘4.8.10.6 0.340.3 0,2,0.2 1 .0+1.0 2.7*1.8

3erlno ciscn 0.1.0.1 1,0 0,540.5 0.120.1
Do] lV Varden 0.24 0.2 T
saF.  ron cod 0.3.0.2 1.0, 0.5 2.0.0.6 0,2+0.2
$aciric toricnd 0.5+0.3

o.4io.l
0.4?0.4

Yall eve nol lock 2.0
O.zfo.l

~asked  rreenl ina 1.3. 1.3
0.1:0.1

1 ,341,3 0.5+0.5 1.0 0.2:0.2 1.0!0.8 0.5.0.5 0.6:0.3
{h) ‘es Dotted ~reenl inn 1,0 3.9.1.3 4.2, 2.1 0.740.7 2.0.2.0 2.0 4.7!4.3 1 ,6+0.9  2.0.2,0 0.5+0.5 2.7+0.8
“.ested sculnin 0.1 ,0.1 T
c3c~*Jc  %tanhcrn scul Din 4.0 0.3,0.2 1.0 0.8 3.0 0.2!0.2 0,8+0,8 l.otl. o 0.6f0.2
<T,roenn noacher 7.0 2 7G2.1 1.0$ 0.8 1 .341.3 1 .0.1.0 0.5.0.3 2,5?2.5 1 .2t0.5
:.:..?. SD?!? 0.5, 0.5 1.0 0.1,0.8
:.CK S) ’r’ 3.0 0.1 ,0.1 0.3 0.2 0.7’0.3 1 .0,1.0 0.2+0.2 0.4+0.2 0.2.0.2 0.4.0.1
,= I;2W.  . . ~oe 26,1.9 2.5, 1.8 1 ,0.1.0 0.3!0,2 o.5fo.5 0.2’.0.2 1 .0.0.5
Starry  fl~dnder 0.240,2 0.5!0.5 0,1, T
Sand  sOle 0.5+0,5 1 .0,1.0 0.1!0.1

Ydmber of hauls n 1 7 6 3 2 1 6 5 2 4 1 38

..-ples  l? ~.ril and October were in Kachemak  Bav, all others were in Kamishak Bay

—

r ?5 individuals
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summer but the juvenile great sculpin  decreased in abundance In the siim-
mer. Both longfin smelt and saffron cod were common through the summer.
These fish were found to be more abundant further north in the inlet, at
least on the east side, in 1976 (Blackburn,  1978). Bering cisco were
most abundant in June and July. This species was found only nearshore
and in bays near stream mouths. It was not taken south of Bruin Bay or
in Kodiak waters (Blackburn,  1978 and 1979a). Staghorn  sculpin  and starry
flounder were both common summer inhabitants of the nearshore zone, and
both are known to enter freshwater (Hart,  1!273). Preliminary work on
species association conducted on beach seine catches made in 1976 and on
samples from this study suggests that staghorn sculpin  and starry fi~under
occur together but rarely with rock sole. Observations suggest that
staghorn sculpin  and starry flounder tend to occur in muddy habitats near
stream mouths while rock sole occur in rocky areas.

During early autumn most of the fish species depart the nearshore zone,
however,  sand lance apparently move into it  in greater numbers.  l“his
influx of sand lance  was found in Kachemak Bay and off Kodiak  (Elackburo.,
1978, 1979a and b; tlarris and Hartt,  1977),  however ,  sand l~r,cv wr~
never as abundant in Kamishak Bay as in Kachemak Bay and off b’ii;i.
while evidence of an autumn movement to inshore waters of Kamishak Bay
consists of a single large catch in early September. Thus, the autumn
inshore movement of sand lance into Kamishak Bay apparently is not as
important as i t  is in other areas.

Most of the juvenile salmon depart the nearshore zone
early autumn. Juvenile pinks were much less abundant
were present in trace amounts after mid-August. This
f o u n d  by o ther  inves t iga tors  (Blackburn,  1978;  Harr is

in late summer or
after mid-July and
agrees with timing
a n d  Hartt, 1977;

Stern, 1977). Juvenil~  chum salmon were  relatively abundant in the near-
shore zone until mid-August and common through mid-September. Dolly Warden
were common through September in Kamishak,  but their numbers were somewhat
reduced in September, and considerably lower in Kamishak Bay in October.
Longfin smelt were common through late September, which is as late as
sampling was conducted where they were found. The adults were filling
with spawn in preparation for winter, when they ascend rivers to spawn;
they probably remain common in the marine nearshore zone of the upper
inlet through much of the winter, depending upon the duration of their
freshwater existence, but this is not known. Pelagic whitespotted  green-
Iing juveniles were much less abundant after mid-August. The juveniles
are all young-of-the-year which are pelagic in early summer. They beccxne
demersal  in mid-summer and apparently are mature in their following summer.
J u v e n i l e  Myoxocephalus (virtually all  great sculpin  in the beach seine)
were more common in the autumn than they had been in summer. In the
autumn these are young-of-the-year which are 45 to 65 mm in length, after
occurring as larvae in mid-summer. This taxon apparently is one of the
few that is common in the nearshore zone through the winter.
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n important feature of the nearshore habitat is i ts relationship to tides.
In the lower Cook Inlet area where these studies were conducted the beache:,
were nearly all cobble or gravel in the upper half of the ir?-” ‘tidal zone
but the lower portion of the beach was very gently sloped mud. The mud
made low tide sampling very difficult and it was generally avoided, Regard.
less, the beach seine catches were summarized for the entire summer by the
tidal stage at which they were made; high tide plus or minus one hour, low
tide plus or minus one hour,  flood tide or ebb tide. Catches were co~~ider-
ably lower on low tide (25 fish per set), intermediate on ebb tide (42 fish
per set) and greatest on flood (84 fish per set) and high tide (82 fish ~ler
s e t ) .

For the different species there are a number of apparent trends, some of
which may be spurious. The catch of herring (including larvae and mostly
larvae) was the greatest on flood (34 per haul) and least ~P low (0.6 per
haul) with intermediate values on the other stages. Pink S{ll(;ot’  (mosLly
juveniles) catches were much greater on flood tide (11.1  ~er ‘::~~), lea~t
on low (0.1 per haul) and intermediate on high (0.7 per E>’l) dnd ebb (?.”
per haul). Chum salmon juveniles showed the same trend, ~ar::c~’{~~ ‘
low abundance on the low tide (0.5 per haul).  Dolly \’ari:::t  wer :: :T,~?K.. y
more abundant on flood tide (8.7 per haul) than on the other tides (3.9 to
4.6 per haul). Longfin smelt were most abundant on high tide (6.0 per
haul) and absent on low tide. Staghorn  sculpin  were much more abundant on
flood tide while juvenile great sculpins  were most common on ebb tide.
Pacific sand lance catches were 48.3 per haul on high tide, 9.7 on flood,
14.1 on low and 3.1 on ebb tide. The other species either showed no diff-
erences or were insufficiently abundant to produce reliable  results. The
data from Kodiak, taken during this same time period yie~ded  essentially
identical trends for each species mentioned above exceut  for herring and
s taghorn  sculpin  for which there was insufficient data and Iongfin smelt
which were not captured in Kodiak (Fllackburn,  1979b).

Pelaqic  Habi ta t

The pelagic habitat is quite different in many respects from the demersal
or nearshore habitat. Hydrographic  features are much more important as
they constitute the primary structure that exists in the pelagic zone.
Geographic features, however, considerably affect the nearshore pelagic
h a b i t a t .

The well-known schooling of fishes is a feature of pelagic species, and this
presents the greatest difference in sampling pelagic and demersal fishes.
The haul to haul catch variabili ty of pelagic species is much greater than
it is for demersal  o r  n e a r s h o r e  s p e c i e s .

The tow net sampled the pelagic zone and this gear is directed primarily at
smal ler  f i sh . Pacific sand lance and Pacific herring greatly predominated
the tow net catches and larval herring were especially abundant (Table 18).
During certain cruises the following species occurred in significant pro-
portions of the total catch: young-of-the-year whitespotted greenling,
adult capelin,  juvenile pink salmon, juvenile sockeye salmon, juvenile chum
salmon and juvenile chinook salmon.
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During  the early summer a couple of relatively large catches of sand
lance occurred, as well  as some large catches of juvenile herring and
adult capelin  with flowing sex products. The young-of-the-year white-
spotted greenling  were common in small numbers (they apparently are
not a schoolinq  fish) throuqh  the  summer. Juvenile sockeye salmon
were common in-June and eariy July. In July and August juveni’
chum and chinook salmon were relatively common.

Demersal  Habi ta t

The demersal  habitat was sampled primarily by try net. In Apr

e pink,

1 one
trawl in Kachemak Bay behind’ the Homer Sp_it yielded a large catch of
king crab. In Kamishak  Bay, yellowfin  sole were the predominant species
(Tables 12 and 17) with the largest catches in late l$!ay and early June.
It was hypothesized from work in 1976 (Blackburn,  1978) that yellow-
fin sole were most common in Kamishak  Bay in June and July and moved
to deeper-water in August. The current data supports that hypothesis.
Tanner crab were quite abundant in Kamishak Bay, with greatest abundance
in June and July and lesser abundance in late August. It is hy?o~%”-
s ized  tha t  th is  i s  the  resul t  of  re la t ive ly  warm water  (11.5° C zt. “i; r:
on August 15, 1978) present in Kamishak Bay in late summer. Butter sole
were much more abundant in late May and June than they were later in the
summer. Flathead sole were present in progressively greater abundance
through the summer while halibut, rock sole and arrowtooth flounder
showed no meaningful trends of abundance through the summer.

In October, sampling was conducted in Kachemak Bay and one try net haul
behind the Homer Spit resulted in another large catch of king crab.

Food Habits

Species examined for food habits had generally taken advantage of a variety
of prey in more than one prey group; i.e., small  zooplankters,  large zoo-
plankters,  fish, insects,  epibenthic  crus taceans ,  and benthic i n v e r t e b r a t e s .

Small zooplankters  were eaten by young fishes and small mouthed fishes.
Copepods were the most important of these plankters,  and were eaten by
pink fry, herring and sand lance all season, by chum, sockeye and green-
ling juveniles early in the season, and by a surf smelt and a small rock
s o l e .

Larger zooplankters  were eaten by most fish ex,amined except flounders.
Decapod larvae were the most important, eaten especially by chinook,
sockeye, coho and Dolly Varden juveniles, surf smelt, longfin  smelt and
pollock. Chaetognaths  and euphausiids  were e’s~?xially  important to cohos.

Fish eggs and larvae were eaten by most specfei twamined,  and either be-
came a part of the food composition, or the d@ninant food. The most im-
portant fish feeders were chinook, coho, sodlcti$e” and chum juveniles,
D o l l y  Varden (especia l ly  adul ts ) ,  staghorn  scu?pins,  and a yellowfin  sole .

‘,
Insect larvae and adults were important all season to all salmons and Dolly
Varden juveni les .
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Epibenthic  crustaceans, especially gammarid amphipods, were eaten by all
“pecies examined. Gammarids were most important to chum juveniles, adult
whi tespot ted  greenling,  Dolly Varden juveniles, longfin  smelt,  saffron
cod, small great sculpins  and starry flounders.

Benthic invertebrates were food for flounders, especially rock sole and
butter sole, which ate clams and polychaetes.

Mater  Temperature

The water temperatures increased from about 6.5° C in late May to pea’<
v a l u e s  o f  o v e r  1 6 °  C  i n  e a r l y  t o  m i d - A u g u s t  a n d  d e c l i n e d  t h e r e a f t e r
( F i g u r e s  3 4  a n d  3 5 ) . The temperatures were higher near the beach than
offshore .

Temperature profiles were made at two offshore sampling ioctit:o~s orI
August 15, 1978 with the resultin

7
observation that even at ~ t{ depth

water was about 11.5° C (Table 21 .

Table 21. Temperature profiles for two sample locations on August 15, 1978.

LOCATIONS.
59° 33’ 15” N 59° 32’ 15” N

153° 12’ 00” w 153° 09’ 00” w

Depth, m Temperature C“ Temperature Co

0.5 12.2 13.0
1 11.9 12.9
3 12.0 12.4
5 11.8 12.1

10 11.5 12.0
14 11.5 11.4

These temperatures are relatively high and are due to the hydrography of
lower Cook Inlet. The water in the upper inlet flows south on the west
side and is replaced with northerly flow on the east. Thus the water on
the west side of the inlet has been heated by exposure to the vast inter-
tidal mud flats of Cook Inlet. This feature undoubtedly makes the water
temperature on the west side of the inlet unusually sensitive to seasonal
changes in air temperature and insolation.
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Relative Abundance, Spatial-Temporal Distribution and Growth, by Species

The beach
Tables 22
fol low.

King Crab

Kinq crab

seine and tow net effort by geographic areas is presented in
and 23 for comparison with similarly prepared catch tables that

(Paralithodes  camtschatica)

were not examined for food habits in this study. Fish and epi-
ben~hic invertebrates were eaten by king crab in other studies (Feder,”
etal., 1979). Bering Sea king crab ate pelecypods,  gas t ropod,  as tero ids ,
ophiuroids,  echinoids,  decapods ,  polychaetes,  a lgae ,  c rus taceans  and
coelenterates  (McLaughlin and Hebard, 1961). Kodiak king crab ate mollusks,
crustaceans and fish (Feder and Jewett, 1977).

Predators of king crab included halibut (Gray, 1964), Pacific cod
(Kasahara,  1961), and sculpins,  cod and halibut (Rosenthal et al.,
1978). King crab larvae were eaten by sand lance, Dolly Varde\l  and
j u v e n i l e  s o c k e y e  salmon in  th is  s tudy.

Tanner  Crab (Chinoecetes  bairdi)

Tanner crab ranked second in weight abundance in the try net (a figure which
excludes two large catches of king crab in Kachemak Bay). They were common
throughout the summer but catches were considerably lower in August. It is
hypothesized that they departed the shallows of Kamishak  Bay to avoid warm
water, since they were considerably less abundant in August and water temp-
eratures were high.

The large majority of the Tanner crab captured were very small.

Tanner crab were not examined for food habits in this study; epibenthic
crustaceans and invertebrates were prey items in other studies.

Yasuda  (1967) reported Tanner crab consumed echinoderms, decapods,  amphi-
pods and bivalves in Japan. McLean et al. (1976) reported juvenile Tanners
consumed dead and decaying mollusks, crustaceans and fish remains in Cook
Inlet and Kodiak. Feder et al. (1977b)  reported they consumed clams, her-
mit crabs, barnacles and crangonid  shrimp in Kodiak. Feder and Jewett
(1977) reported Tanner crab ate polychaetes, clams, fish and plant material.

Kodiak Tanner crab were preyed on by great sculpins, rock sole,  starry
flounder and halibut (Hunter, 1979), and Yellow Irish Lords (ADF&G staff).
Cook Inlet Tanner crab were preyed on by halibut (Federet al., 1977a),
and Tanner larvae were preyed on by Dolly Varden, longfin smelt and pol-
lock in this study.

Dunqeness  Crab (Cancer magister)

Dungeness crab were not examined for food habits in this study. McLean et
al. (1976) reported dungeness fed on crustaceans, mollusks, worms, seaweed,
and young dungeness in Kodiak and Cook Inlet.

346
‘\



Table =- Number of beach seine hauls  hy .eo”ra Dhic  Iocatio.  and tine. Sam~linq  cOnduc ted in COOk Inlet frOm April  thrOugh  October 1978..— _.—_—— -—

APRIL vAY JuW
Location

JULY AUGUST
Ti3iT 1-15

SEPTEMBER
16-31

OCTOBER
r-m ~---Tgm  1.15 16-37 m~ T-r Mean

n,) Bay
ln)skin  Bav

24
28
“n

Cottonwood Bav 5 10 2 3 5 4 . t . .

Iliamna  Bav I 8 3 12 5 6 1: : 5 60
ursus  Cove 5 3 7 4 4 4 3 1; 5 45

Rocky Cove ? 2 1 1 2 2 4 14

Bruin WV to Rockv  Cove 2 2 4 8

Kachemak  Bav 7 29 36
_—. ————

T~bl~ 2.3. Number  of tow net swwles bv w?oqraphic locatlon  and time Wnpl). o conducted in Cook Inlet frorm Acmil through October 197B.
— .— .

.!PQIL VAY
L?.-, !,-.

JUNE JULY__ AuGuST SEPT[MBER y:cT
IT :Tn i~ 16-31 l-15  T-m 1~ 16-31 1-15 16-31 i-15 16-3~ Totzl

--
.,. , 3 3
.’ :,. m :I)amna Bav 2
..”5  :0,.?

12 II 15 15 9 ,.
6 4 11

:-, k, q)”e 7 /
:ootacr  Point i

1:Kachemak  Bay 10
-.

‘able %. Pacific herrinq catch in numbers Per beach seine haul by qeoqraphlc  locatlon and time. Sampl  in? c@nd~ctc<  la <;ik 7 ,Iet 1,
Aorll thro.  qh October, 1978.

~ VAY JUNE JULY AUGUST sEPTEMBCR
Location 11-30 1-15 16-31 1.15 6-30 1-15

OCTOBER
6-31 1-15 16-3T T=E=T6=3’O 1=31- Mea n

Oil 8aY 0.3 0 0 0 3.3 0.3 0 0,7 0 0.6
Iniskin Bay o 0 0 0.5 0 0 0.1
Cottonwood Bay 18; ,7

o 0.1
0 0.2 0 0 0 0 0 0 0 13.8

Iiiamna  Bay o 0.1 0 15.0 0.2 0.2 0.2 0 0 0 3,1
Ursus  Cove 0.4 0.3 0.9 3.2 0 0 0 3.5 1,6 1.4
Rocky COVe o 0 0 0 0 0 0,2
Bruin  Bay to Rocky Cove

0.1
0 0 0 0

Kachemak  Bay o 0 0

T. O.135

Tab Ie 25. J.ven>le  Paclflc herrinq  catch in numbers per km towed bY the to. net by geographic 10cat  iOn and time.  Samollng  cOnducted  in CoOk
!nlet from April through October, 1978.

APRIL MAY JuNE JULY AUGUST SEPTEM8ER CCTOBER
Location m 1-15 16=3T 1-15 16-3ii T-7 5 16-3T 1-15 16-3T 1-15 16-30 ~ Mean

011 E&v
0?1 Bav to Ilia,na  Bay
,(, s”s  Co,e
Qock”  Ccve
Cvntact  Point
Kachemak  Ba” n

o
229.2 0.1 6.1 3,5 1.8 0

0.2 1.2 0
0.9
0

.- .-

0
9,5
0,3
0,9
0

0 0

l~til, 26. ,1,, vm,10  pink salmon catch  ,. numbers per beach seine  haul by qeoqranhic  10catf  On and time. SamplinQ  conducted in Cook Inlet
tro”  Ao,, I throu]h %tober,  1978.

&PQIL MAY JUNE JULY AuGuST
:Ccat ion 17.30

SEPTEMBER
1-15

OCTOBER
—mm I - 1 5 16-30 i~TF-3T T-is 16-3~ mm T Mea n

—. —.
111 g., 0.3 0 0 0 0 0.2 0 o— 0.1
ln, sk, n Qa< 8.5 : 0 0 0 12,3 0 0
Cottonwood Rav

o
0

2.5
1.0 0.5 0,3 0.2 I.o 0.3 0 0 0 0.4

!l.jmrw BaY 5,0 2.4 0.3 4.2 2.2 1,3 2.2 0 0 0 2,0
Urs,s  cove 4,8 0 1.3 2.0 0.2 1.7 0 0.1 0 1.1
Qock, Cove 70,0 240.0 0 0 0 0 0 44.3
Bruin Sav to Rockv Cove o 0 0 0
Kachemak  Bdv 11.1 0 2.2

—.. _—



Shrimp

Shrimp food habits were
plankters were eaten by
ceans and invertebrates

not examined in this study. Other studies reported
larval shrimp and detritus and epibenthic  crusta-
by adult shrimp.

. McLean et al. (1976) cited Berkeley’s 1929 study in which shrimp consumed
dead animal material  and living amphipods,  euphausiids,  limpets, annel  ids
and other shrimp. Crow (1976) reported shrimp in Kachemak Bay consumed
detritus, algae, and fragments that appeared to be shrimp, copepods,  and
c r a b s .  F e d e r  et al . (1978) reported the sand shrimp, Crangon dal 1 i con-
sumed polychaetes,  benthic  foraminifera,  amphipods and other c=ceans.
Stickney (1979)  reported Pandalus borealis larvae consumed diatoms, eggs,
i n v e r t e b r a t e  l a r v a e  ( e s p e c i a l l y  calanoid  and copepod nauplii),  and spionld
polychaetes.

$hrimp  larvae and young were preyed on by pinks sockeye and ~a~~~ juvenile
salmon, sand lance, walleye pollock,  longfin smelt, surf smeit, small
g r e a t  sculpin,  s tar ry  f lounder ,  and rock sole  in  th is  stu5.Y.  Ko/f~ak  C~>4P1:’
were preyed on by Pacific cod, great sculpin,  rock sole, sand So-’e, ~,]
halibut (Hunter,  1979). Shrimp in the Cook Inlet-=Kodiak  survey (PlcLean et
al., 1976) were consumed by Pacific hake, Pacific cod, sablefish, lingcod,
flounders, rock fish, skates, rays, halibut,  salmon and harbor seals.
MacDonald and Petersen (1976) reported Beluga whales, Steller’s sea lions
and harbor seals preyed on shrimp, and Hatch et al. (1978) reported glaucous-
winged gulls, kittiwakes, and tufted puffins preyed on shrimp.

Paci f ic  Herrinq

Pacific herring ranked second in numerical abundance in the tow net, first in
the gill and trammel nets and fifth in the beach seine. They were taken
throughout the sampling season in Kamishak  Bay but were taken only as young-
of-the-year in Kachemak Bay. Single large catches occurred in late Nay in
the tow net and late June in the beach seine.

Herring are known to spawn in Kamishak  Bay as discussed in Status of Knowledge.
During May there were over 50 vessels in Kamishak  Bay either fishing or tender-
ing (buying for a processor) herring and there was a large floating processors
the YARDARM KNOT, anchored in Iniskin Bay. There were also a considerable num-=
ber of seals~rpoise,  and birds in the area, apparently to feed on herring.
After the herring completed spawning in late May or early June, the level of
activity diminished considerably.

Herring larvae were captured in abundance throughout the Kamishak  Bay area.
The tow net caught from a few to thousands of herring larvae on virtually every
haul. The beach seine also caught considerable numbers of herring larvae. In-
terestingly, very few larvae of any other species were captured. The earliest
larval herring was taken from a fish stomach in about mid-May and was about
8-10 mm, suggesting it resulted from a mid-April spawn.

Distribution of catches did not suggest that there were locations of greatest
abundance (Tables 24 and 25).
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Herring grew from about 2 cm in late May to 4 to 5 cm in late September.
One-year old herring were about 8 to 9 cm in late June and grew to about

to 12 cm by early August. Two-year old herring apparently were not
captured (Figure 36).

Herring from mid-May through October were examined for stomach contents.
The 134 specimens had consumed 20 prey items (Figure 37).

Copepods were an important food in eight time peri::s.  In late May 89%
copepods (mostly non-calanoid)  were consumed, in Ia”t? June 74% (mostly
calanoid),  in July 15% (mostly calanoid)  and 21% (calanoicl),  in late
August 38% (calanoid), in September 74% (calanoid)  and 76% (mostly cL~e-
noid),  and in October 78% (mostly calanoid).

In late May 5% barnacle larvae (mostly cyprids) were consumed, in late
June 35% (mostly nauplii),  in July 64% (mostly nauplii)  and 9% (nauplii
and cyprids) and in early September 10% (nauplii).

Fish and larvae were E% cf the earlj June diet,  9% and 2:1 :( the July dic
and 88% of the early August die?..

.
~t.mmar~d amphlpods we-e 91°/ of col’lt@~;+”

of the two stomachs examined in ear”iy June,  10% and 24% !: ~elJ1.,/lJ&f, ‘j
1% or less in other time periods. Mysids were 24% of the late July d~et
and 54% of the late August diet. Gastropod veligers were 5% and 20% of
the July diets and 12% and 8% of the August diets. Chaetognaths  were con-
sumed by the one herring examined in October, comprising 21% of its diet.

Zooplankton, fish and epibenthic  crustaceans were also herring foods in
other  s tudies . Forsberg et al. (1977) found small planktonic  organisms,
Callianassa  larvae, harpaticoid  copepods, and amphipods were prey for
herr~ng In Tillamook Bay, Oregon. Kron and Yuen (1976) found juvenile
salmon were prey for herring in Tutka Bay.

Predators of herring included Pacific cod and halibut (Hunter, 1979);
great sculpins  and rock sole (Rogers et al., 1979); and king salmon,
sockeye and coho smelt (McLean et al., 1976). Larval herring in this
study were eaten by other herring, sand lance, Dolly Varden, pink, chum,
sockeye and chinook salmon juveniles, eulachon  and staghorn sculpins.
Herrinq were eaten by murres (Hatch. 1978) and Steller’s sea lions and
harbor-seals . (MacDo~ald  and Peterson, 1976).

Bering Cisco

Bering cisco consistently occurred in low abundance
gill  net and trammel net.  Largest catches were in “
ner Iliamna  Bay, near or in

The stomach of one Bering c
noid copepods, weighing 4.6

in the beach seine,
nner Oil Bay and in-

freshwater influence.

sco caught in late June contained 60,320 cala-
gms. b

Pink Salmon

Juvenile pink salmon ranked fourth in numerical abundance in the beach
seine and fifth in the tow net. Thev were caDtured  in the beach seine
from April through early September with greatest catches in April in 349
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Kachemak Bay and late June - early July in Kamishak Bay (Table 16). Tow
net catch of juvenile pinks was greatest in late July and early August ,
as they began to move offshore. The timing of peak abundance is identi-=
cal to that determined in 1976 but this data set contains half m o n t h l y
frequency while the former provided monthly frequency.

Beach seine catches of juvenile pink salmon were much greater in Rocky
Cove than elsewhere (Table 26), a feature also seen in 1976. Tow net
catches were primarily in Ursus  Cove and Rocky Cove (Table 27) but this
feature is questionable as the tow net catches were highly variable a~(d
did not clearly cover all areas when juvenile pinks were abundant.

Juvenile pink salmon grew from 30 to 40mm in April and May and to about
80mm in late August and September (Figure 38).

Eighty-four pink salmon fry and juveniles caught in April and from June
to mid-September were examined for stomach contents; 22 prey items were
identified (Figure 39).

Copepods comprised 30% to 100% of the stomach content weight  in *ire@
periods before September; none were eaten in this month. More !oi, :,] ~. ,
copepods were consumed in April and June and more calanoids  in July and
August. Shrimp larvae comprised 6% of contents in April and 10% in late
June. Gastropod vel igers comprised 4% i n late July and 8% in early
August. Insect larvae comprised 6% of stcxnach  contents in April and insect
adults up to 37% during and after July.

Gammarid amphipods comprised 3% to 8% of stomach contents before September
and 66% of the contents of the one juvenile examined in this month. Cuma-
ceans  were present in stomachs from mid-June to mid-August, comprising 1%
to 7% during three cruise periods and 50% during early July.

Herring larvae (13%) were consumed by pinks in late June. In a Cook Inlet
study by ADF&G  in 1976 pinks over 80 mm changed to a fish larvae diet. In
the present study pinks were 80mm by August, but no fish larvae were found
during or after this month.

Hermit crab larvae, polychaete  larvae and barnacle larvae were also consumed.

Food habits in this study were similar to those in other studies where pinks
consumed plankters,  insects, fish larvae and epibenthic crustaceans. Annan
(1 958) found young pinks preyed on copepods and diptera. Manzer (1969)
found juvenile pinks preyed on copepods and larvaceans  in Chatham Sound.
Bailey et al. (1975) found Traitor’s Cove pink fry fed on copepods, barnacle
nauplii  and cladocerans. .

Juvenile pink salmon in Kodiak fed on calanold  and harpacticoid  copepods,
eggs, zoeae, fish larvae, and insects (Gosho,  1977), and calanoid  and har-
pact icoid copepods and gamma rid amphipods (Rogers et al., 1979). Pink fry
in Tutka  Bay fed on copepods, decapods, invertebrate eggs, barnacle nauplii
a n d  cyprids,  insect larvae, and gammarids (Kron and Yuen,  1 9 7 6 ) .  N o r t h e a s t -
ern Pacific pinks over 40-cm preyed on amphipods,  euphausiids  and fish

{
Le Brasseur,  1966), and Kodiak adult pinks preyed on fish (Rogers et al.,
979) .

352



* u.J

YA O oCA CO
b' C°'6jL?n2 COA
Ij49ug 9A
CCOOOq
iuI YA

fUcgflUu JJ
bb1r

U

a o
a a

Table ~~. J.verile  Dlnk salmon catch in numbers Der km towed by the tow net by geographic location and time. Samplinq  conducted In Cook Inlet
from Am-ii thrcwqh  October 1978.

Location
4’WIL MAY JUNE JuLY A~T
I 1 .-TO 1-15 16-31

SE?TLM2.ZR
1-15—-”16-30 1-15 16-31

O~CIR
1-15 16-31 1 m-TK-30 1-31 Medn-. ——.—  . .

nil 8av o 0
011 9aY to Il]amna  Bay o cl o 0,? 1,1 0.4 0 4
Urs. s Cove
Rock.  :c)ve

10.8 0.9 ~,~
3.6 3.6

Contact notnt n
Kachewak  Rav

o
0 0

Table 28.  .luvenile  ch!jm salmon catch in numbers per beach seine haul by oeonraphic  location and time. Sampling conducted in Cook. Inlet from
Arril thromh  October, 1978.

APRIL MAY JUNE JULY
m

AUGJST
‘r, ,: 0. 1“-T””T6--m

SEPTEMBER OCTOBER
Z-E-T-TO ~---~ 1.15 16.31 T-15 16-70 –T3T- Mea n

01’ 3,,
— .

P o 4.5 0 1,7 0.3 0.2 0 L
,,, .k, ,, lay

07
2.2 0 0.5 21,0 1 5 0.3 2.0 0.1 0 21

,:, t,,flod  5ay 4.0 5.9 1.5 59.0 4.2 0 1.0 0.5 0.2 J ,4
‘,> ,., na Bay 16.0 4,6 0 227 ?.4 1.5 0.6 0 0.2 0
r,ds cove I;4 cl~ !4.0 22.8 19,2 26.8 1.3 5,5 0 1; ;

<ocky  COVe 11 0 64 0 1.0 0 0 0 0 “0,8
Bruin 6av to Qockv Cove 65.0 0.5 16,4
Kachemak  Bay o

—— -.

Tablez~o Juvenile chum salmon  catch in mmbers Der km towed by the tow rlet by qeoqraDhic  location and t?..?.  Sampling conducted in Cook Inlet
from Anril throuqh  October 1978.

Location
APRIL MAY J& ~
11-30 1-15 16-31

AuGuST SEPTEMBER
1-15 16-30 1-15 16-31

OCTOBER
1-1=6-31 lTR-30 -%7T- Mea n

011 Bav
Oil Bay to I?larmna Bay
Ursus  Cove
Rocky  Cove
Contact P07nt
Kachemak  Bav

o 0 0
0

—— —

n n

2.0 1.4 0.2 6.8
1,7 0 0.3
2.4 2.4
0 0

0 0

Table ~. Juvenile  coho ?alrnon  catch In .m.hers Der km towed by the tow ~et by aeooraahic  location and time.
from April  thro..  h Octobev 1978.

Sampling conducted in Cook Inlet

Location
bpRIL QY J u N E JULY AuGuST
11-30 I-15

SEPTEMBER
16-31

o=
I-15 16-30 1-15 16-31 ~1~-m r.15 16-30 1-31 Mea n

~!l %“ o
,lil Elav t,y II ,amna Bay 0 0

0
0.2 0 0 0

Ursus  C“ve o
T

o 0
Rocky Cove

o
1.0

Contact Point
1.0

0
Kachemah  9av

o
0 0

.—

-<-1.

“3P’. 91. IuvP,,l  Ie coho ~almon  catch ,n n.mber,  >er beach seine haul by qeoqraphlc  location and t?,ne,
0.,,1 th,ounh  flctcbe, 197P.

Sanpllnq  conducted in Cook Inlet from

— —.
MAY

1-15 16-31
JUNE _ JULY AUGUST SEPTEMBER

1-15 16-30
~CTOBER

i=r—~ 1-15 16-31 ~T-m m“ Mean

o I.o
1.0 1.5
1.
0
0 n.1 0 2 n o 0 0 Q

0.5 0 0
T

o 0 0 0 0.1
0 0 0 0

0 0 0 0 0 0
0.5 0 0

0.1
0 0

.5
0

0.3 0 0
0.2

0 0 0
0.1 0.2

0.1
0 : 0 0 0 T

T T
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Pailey  et al. (1975) found pink fry selected for decapod  zoeae,  larva-
ceans,  cladocerans,  mysids, cumaceans~  isopods~  amphipods a n d  insectsg
and against barnacle nauplii.

Predators of pink salmon fry were Dolly Varden and small  great sculpins
in this study, and Dolly Varden and herring in Kron and Yuen’s study (1976).
Parker (1971) reported juvenile coho salmon were significant predators of
p i n k  f r y  i n  B r i t i s h  C o l u m b i a .

Chum Salmon

Chum salmon ranked second in numerical abundance in the beach seine catches
and seventh in the tow net catches. Juvenile chum salmon were most abundant
in beach seine catches in late June and early July. They occurred in mea-
surable abundance from early May through mid-September, a little longer than
juvenile pink  sa lmon. They occured in July and August in tke tcw net.

Juvenile pink salmon were slightly  more numerous in the tow nti catches 1~~
less numerous in the beach seine catches than chums, which sup~crts the !h”-
pothesis  that chums spent a l i t t le more time near shore than d~d ~.. L
pinks. W a l k e r  (1968ms,  as cited in Stern, 1977) reported this as a possi-
bility but no evidence was found in 1976 to support the hypothesis. In con-
trast,  I think it  is clear that juvenile chums are present in the nearshore
zone during a greater portion of the year than juvenile pinks. They were
both captured during the same times (except April, but chums are not common
in Kachemak and juveniles would not be expected at any time) but chums were
more abundant, especially later. In Kodiak chums were captured  into November
and as early as March. In addition, juvenile chums of 100mm were captured
as early as late June and 30mm chums were captured as late as early July
and 40mm chums as late as early August (Figure 40). Juvenile pinks were
much more uniform in size than the chums.

The beach seine catches of juvenile chum salmon were apparently greater in
Ursus  Cove, Rocky Cove and Bruin Bay to Rocky Cove (Table 28) and less in Oil
Bay and Iniskin  Bay. These trends may be affected somewhat by the sampl~ng
pattern. The distribution of juvenile chums in the tow net appears to reflect.
the locations sampled when chums were present (Table 29).

The length frequency of juvenile chums (Figure 40) suggest mean size increased
from 40 mm in May to about 80mm in early September, however, the possibility
of emigration of larger fish and immigration of smaller ones during the sum-
mer seems likely. This could have a considerable impact on apparent growth
and the figures should be considered as descriptive of the fish present rather
than strictly representative of growth rate.

Stomachs of 179 chum salmon fry and juveniles collected from May to mid-
September were examined for food habits and 30 prey items were found (Fig-
ure 41).

Copepods decreased in importance as the season progressed. In the two time
periods in May, 85% non-calanoid  copepods by weight and 83%calanoid  and
non-calanoid  copepods were present in chum stomachs. In June to mid-August
47% to 10% copepods were present, and 1% copepods were present in both late
August and early September.
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‘n late June 36% of the diet was fish (10% herring, and trace amounts of
cottid,  flounder and stichaeid  larvae), in early July 20% (18% herring
larvae and juveniles),  in late July 53% (24% herring larvae),  :n early
August 38% (2% herring larvae), in late August 24% (10% herring larvae
and 10% capelin  larvae) and in September 3% (unidentified). Insects
were 5% to 42% of the diet in each time period. Gammarids and cumaceans
comprised up to 28% of diets before September, and ga,mmarids  comprised
66% of the diet in this month, Mysids  comprised 5Z of the diet in late
August and 17% in early September. Barnacle larvae, gastropod veliges,
hermit crab larvae, chaetognaths, polychaete larvae, and fish eggs were
also consumed.

Food habits in this study were similar to those in other studies where
zooplanktersj  insects, fish larvae~  and epibenthic  crus taceans  were  ea ten .
Annan (1958) reported young chums ate copepods, diptera larvae, isopods
and amphipods. Manzer (1969) reported juvenile chums in Lhiitild,i  Sound
a t e  copepods  a n d  Iarvaceans. Forsberg et al. (1977) reportei Jd ehi”ies
in Tillamook  Bay, Oregon ate insect larvae and adults$  and ‘~ts.l \drvae.
Bailey et al. (1975) reported chum fry in Traitor’s  Cove ~te [cpepods
larvaceans,  dipteran  larvae cladocerans  and inver tebra te  ?ggs, :h?y .,
found chums selected for cladocerans, decapod zoeae, Iarvaceans and ben-
thic and intertidal animals, and against barnacle nauplii. Rogers et
al. (1979) reported chum juveniles in Kodiak ate insects, harpacticoid
copepods  and gammarids.

Chum salmon fry were preyed on by sand lance and staghorn sculpins  (this
study) and by juvenile cohos (Parker, 1971). Chums were also eaten by
murres (Hatch e t  a l . ,  1978),

Coho Salmon

Coho salmon ranked tenth in numerical abundance in the tow net catches and
18th in the beach seine catches. They were taken from June through October
with peak abundance of juveniles in early June through early July and peak
abundance of adults in late August (Tables 16 and 18).

The tow net catches did not show distributional features (Table 30) but the
beach seine catches tended to be greatest in Iniskin and Cottonwood bays
and to a lesser extent in Iliamna Bay and Ursus Cove, based primarily orI
repeated catches and abundance (Table 31). Known runs in the study area
include 500 coho in the Iniskin  River, 2,000 coho in Dutton  Creek at the
head of Cottonwood Bay, about 1,500 in the stream’s tributary to Ursus  Cove
and less than 500 in the Amakdedori  River.

Juvenile coho ranged from 8 to 15 cm in length  with a mean of 10.7 cm.

Eight coho salmon juveniles from mid-June, July and October hauls were
examined for stomach contents (Figure 42). Of the 13 prey items found,
fish were important in each month. The one coho examined in June had
eaten 26% unidentified fish larvae by weight. The four coho in late July
had eaten 56% fish larvae, mostly sand lance, and the one coho in October
had eaten 47% fish larvae, mostly snake pricklebacks.
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Cumaceans were 68% of the mid-June diet. Insect larvae  and adults were
88% of the diet of the two coho’s  sampled in early July. Crab larvae
w~re 42% of the late July diet. Euphausiids  and chaetognaths  were 16%
and 37% of the October diet. Gammarid  amphipods and calanoid  copepods
were 3% to 9% of diets in two time periods.

Food habits in this study were similar to those in other studies, where
f ish ,  p lankters ,  insec ts  and epibenthic  crus taceans  were  ea ten .  Forsberg
et al. (1977) reported cohos ate fish larvae, decapods and amphipods in
Oregon. Manzer (1969) reported juvenile cohos in Chatham Sound ate her-
ring and sand lance larvae. McLean et al. (1976) reported coho smelt ~Le
h e r r i n g  l a r v a e ,  s a n d  l a n c e ,  greenling,  rock fish, eulachon,  insects,  cope-
pods, amphipocis,  barnacles, crab larvae, and euphausiids in Cook Inlet.
and Kodiak. Rogers et al. (1979) reported juvenile cohos ate calanoid
and harpacticoid copepods, crab larvae, gammarids and fish in Kodiak.
Parker (1971) reported juvenile cohos preyed on pink and chum fry in
British Columbia.

Sockeye Salmon

Juvenile sockeye salmon ranked sixth in numerical abundance if; t!~-’ tow “ ‘
catches but were rarely captured in the beach seine (Table 12). “~boy ~ti
curred from early June through early July. They ranged from 7 to 10 cm
in length with a mean of 8.5 cm. The area that they were captured in the
tow net, Oil Bay to Iliamna  Bay, reflects the area sampled during the period
of their occurrence (Table 32).

There are a few streams on the west side of Cook Inlet with small runs of
sockeye but by far the majority of the sockeye return to rivers on the east
s ide  of  the  in le t . The fish captured were not taken in proximity to a known
spawning stream and it appears most likely that they were from other areas
of Cook Inlet.

Stomachs of 32 juvenile sockeye salmon collected in June and early July
were examined for contents. Twenty prey items were present (Figure 43).

The one sockeye sampled in early June had consumed 78% non-calanoid  cope-
pods by weight. Sockeyes in late June and early July had consumed 6% and
4% calanoid  copepods. Insects comprised 7%, 8% and 29% of stomach contents
in the three time periods.

Fish eggs comprised 50% and unidentified fish larvae comprised 7% of stcmach
contents in late June. Fish larvae comprised 26% of stomach contents in
early July; 7% of this was sand lance larvae, and 8% was herring larvae.

Shrimp larvae
in late June,
formed 7% and

Zooplankton, -

formed 30% of the diet in early July, crab larvae formed 10%
gammarid  amphipods formed 7% in early June, and cumaceans
12% in early July.

nsects, fish and epibenthic  crustaceans were also prey found
in other studies. Le Brasseur (1966) reported mature sockeyes from the
Northeast Pacific consumed amphipods, euphausiids,  and squid, and immature
sockeyes consumed planktonic species, especially copepods and larvaceans.
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Table 2 Juveni  I@ sockeye salmon catch in numbers per km towed by the tow net by qeoqraphic  location and t7me.  Sampling conducted in Cook
Inlet from Aoril  throuah October 1978.

—..—— — — — .  — . .  .—. .— — — . . . . — .
hPRIL MAY JUNE JULY AUGUST

LoCat iol) 17-30 L15 16-31
SEPTEMBER OCTOBER

T-15 6-3o T-15 16-31 1-15 16-31 1-15 16.30 ~ Mean
— _ — — . — . —.. — ——. .—. ——. —

nil 8av @
Oil Bav to [Iiamna Bav o 0 2.6 1.7 0 1.5
Ursus  Cove o 0 : 0
Rocky Cove o
Contact Point o :
Kachemak Bav o 0

..— — -.. — .

Table 33. Juvenile chinook salmon  catch in numbers per beach seine haul by geographic location and time. Sampling conducted in Cook Inlet
from Auril  throuqh  October 1978.

_-. _— ..— ——. —
APRIL MAY JUNE JULY
I-ZXi

AUGUST
Location

SEPTEMBER OCTOBER
%T~3T 1-<5 16-30 m–m 1-15 6-31 1-15 16-30 ~ Mean

.— ———. .— -——-—- —— .——

W’ 33V o 0 0 0 0 0.3 0.2 0 (1 0.1
in, ski.  BaY o 0 0 0 0 0 0 0 d
,>-’. o,,wr)od  Bay o :

1 {3m”a  Bay
o @ o 0 0 0 0 ,..

0 0 0 0.1 0 0 i:! 0.2 0 0 ,,
ursus Cove o 0 0 0.2 0 0 0.3 0.1 ,,
Qockq Cove 0.5 0.5 0 0 0 0 : J.1
Bru in  Bay to Rockv  CoVe o 0 0 J
Kachemak flav o 0 G

—.. —— — —  . — - — .  — . . _ .— .—— —

Table  ~~. Iuvenile chinook salmon catch in numbers per km towed by the tow net by qeograohic location and time. Sampling conducted in Cook
:nlet from 4oril  throuah  October 1978.

——— —.— - — — — — — — —  -  -— .—.
4PqlL ~ JUNE JULY AUGUST SEPTEMBER OCTOBER_.—

LoCat ion 11.30 ~-~ 16-T 1-15 16-30 1-15 16-31 1-15 16-31 !-15 16-30 ~“ Mea n
— —

(Ii 1 Bav T o
Oil Bay to Iliamna o 0 0 I.i 0.6 0.9 0.5
Ursus Cove o 4.2 1.2 !.4
Rocky COW 1.0 1.0
Contact Point o 0
Kachemak Bay 0.2 0.2

— —.——

Table ~ 5. Juvenile Dol lY Varden catch in numbers per beach seine haul by qeoqraphic  location and time. Sampling conducted i n Cook Inlet from
Aoril  throuqh October, 1978.

APRIL MAY JUNE JULY AuGuST
Location

sEPTEMBER OCTOBER
11-30  1-T? 31 1-15 30 1-15 6-31 1-15 _%T1’_  Mean

——
Oil Bay 8.3 3.3 6.5 l.il 1,0 6.3 0.2 2.0 0 3.2
lniskin Bay 2.0 11.0 22.0 27.5 1.0 3.3 0 5,6 0 :::
Cottanw.md flay o 2,1 1.5 2.7 1.6 1.0 3.7 0 0 0
11 iamna  Bay o 2.2 22.7 8.6 4.2 5.7 1,3 0.7 0 4.5
Ursus Cove o 3,7 15.9 3,5 3.0 9.2 20.0 ::; 4.2 6.1
ROckv  Cove 16.0 22,5 14.0 1.0 140.5 0 0 26.6
Bruin 13av to Rocky Cove 3.5 0 0.2 0.9
Kachema  k MY o 0 0

. .- .._ . . . . . . . . —  .—

Table 36. I+dul t Ool lY Varden catch in numbers Der beach Seine  haul by qeOqraPhic  10catf  On and time. Sampl inq conducted in Cook Inlet from
Roril  thro:, qh flctober.  1978.

.—. . .—— —-.. .—.
APRIL MAY JUNE JULY AUGUST

Location
SEPTEMBER

lT-m
Oc;:B#

~.1 ~ -— -~i~f m 76-3 ~-m:m” T-13 16-3~ la~ --m Mean
__ —___ -—. —— - ___ . ._. _— _ —__— .—. .— .—. __ --- .— -.-—. .-—. — ..—. .——
~il Bav 1.0 0 0 0 1.7 2.3 0.2 3.0 0 1.0
T“iskin  Bay 1.2 I.o 1.0 0 0 0 1.0 0 0 0.3
Cottonwood Bay 0,2 0,2 0 0 0 0.8 0.3 0 0 0.5 0.2
lli~mn~  gay o 0.2 0 0.1 0,2 0.2 0.2 0 0.4 0.1
,:rs”s  cove o 0 0,4 0.2 :.2 0 2.3 0.6 5,6 1,0
~ockv W@ o 2.0 0 2.0 4.0 1.0 0 I.1
?rtiiq MY to Rocky Cove
‘.3chma~  Bay

o 3.0 0.5 1.0
n 0.3 0.3

— -.. —.— . . . . .. ———-— -. ——. — -— —-—
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Dell (1963) reported immature Aleutian sockeyes preyed on larval  fishes,
~uphausiids,  amphipods and  squid . He also cited e~rlt~r s~udfes f~
which sockeyes  preyed on euphausiids,  amphipods,  calanoid  copepods,  and
molluscs  (Andrievskaya,  1958), and euphausiids,  amphipods ,  crab larvae
and copepods (Synkova,  1961).

McLean
nacle “
rock f
items -
(1963)
larvae

e t  a l .  ( 1 9 7 6 )  l i s t e d  i n s e c t s ,  copepods,  amphipods,  decapods,  bar-
arvae, ostracods,  euphausiids,  and  la rva l  and  juveni le  sand  lance~
sh ,  eulachon,  s t a r r y  f l o u n d e r ,  herr’ing, and prickleheads  as prey
or sockeye smelt in the Cook Inlet and Kodiak areas. Carl son
repor ted  insec ts ,  copepods ,  amphipods,  euphausiids,  anomuran
and sand lance as prey items for Bristol Bay sockeye juveniles

Simenstad and Nakatani  (1977) reported harpacticoid  copepods  as the ma-
jor prey and gammarid amphipods,  mysids, and fish as minor prey of ju--
venfle  Attu sockeye.

Socl;eye  fry were preyed on by Dolly Varden, Arctic chars squtiwfish  (ii?
freshwater), prickly s~ulpfns (in freshwater), rainbow trout, t;: :.ohcJ
salmon (llcLean et al., I!?7’G), and tufted puffins (Hatch ~~ ~!., 197~).

$hinook Salmon

Juvenile chinook salmon ranked eighth in numerical abundance in the tow net
and 23rd in the beach seine catches. Thev occurred from late June throuqh
October and appeared to be most abundant~n  July and August (Tables 16 aid 18).
The distribution within the sampling area is not clear as they were too lnfre-
quently captured (Tables 33 and 34).

A total of 47 juvenile chinook salmon were measured and they ranged from 7 to
18 cm. Two fish in late June averaged 90 mm, 14 in late July averaged 95 mm,
11 in early August averaged 96 mm and 15 in late August  averaged l15mm.

There are a few streams on the west side of Cook Inlet with small runs of
chinooks but by far the majority of them spawn in streams on the east side
of  the  in le t . It appears most likely that these fish were from other por-
tions of Cook Inlet.

Stomach contents of 44 juvenile chinook salmon caught from July to mid-
September were examined. Ten prey items were found (Figure 42).

Fish was 88% by weight of stomach contents in early July; 73% of that was
herr ing  larvae  and 2% was stichaeid  larvae. Fish was 85% of contents in
late July; 37% of that was herring larvae. Unidentified fish larvae and
juveniles were 51%, 36% and 5% of contents in the following time periods.

Insects formed 12%, 4%, 41% and 23% of diets in July and August, and 92%
of the diet of one fish examined in September. Crab larvae occurred in
stomachs in July and August, forming 4%, 1%, and 3 to 6% of the contents.
Mysids and gammarid amphipods were 4% or less of contents when present.

Food habits in this study were similar to those in other studies where
f ish .  r.)lankters.  insec ts .  and ei)ibenthic  c r u s t a c e a n s  w e r e  e a t e n .  Younq
chinbok  a t e  copepods  and-dipterans

364 amphipods,  isopods and herring and
(Annan, 1958), and dipterans, decap~ds,
s m e l t  j u v e n i l e s  (Forsberg  et al . ,  1977).



Maturing chinook ate herring, sand lance, rock fish, eulachon,  amphipods ,
copepods, euphausiids  and crab and barnacle larvae in Cook Inlet and Kodiak
(blcLean et a l . ,  1 9 7 6 ) . Mature chinook ate herring, anchovies, rock fish,
euphausiids, crab megalops  and squid in California (Plerkel,  1257).

Dolly Varden

Dolly Varden were captured primarily in the beach seine in which they ranked
third in numerical abundance. They occurred in greatest numbers in J~rte
through August (Table 16). They were widely distributed with juvenilns  most
abundant in Rocky Cove and adults less abundant in Iniskin,  Cottonwood!,  and
Iliamna bays (Tables 35 and 36).

Most of the Dolly Varden were juveniles and their growth during their first
year at sea is clearly evident, with 130 mm fish (90 to 170mm) in late May
growing to 150 mm (110 to 180 t-m) in late July and about ,200 mr {T40 to 240
in  la te  September  (Figure  44). The size of other age classer car.~ot  be d?
mined from the length frequency data.

Dolly Varden juveniles caught from May through October were exa;,.illud  ?’u,
stomach contents. The one Dolly Varden examined in early May had an empty
stomach. All but three of the 177 Dollies from the remaining catches had
consumed 36 prey items (Figure 45).

Fish larvae and juveniles were a major food in each time period. Fish
was 33% of the diet in late May (15% sand lance juveniles, 6% longfin
smelt larvae, 6% chum salmon fry, and 5% unidentified salmon fry), 19%
in early June (Irish Lord larvae), 16% in late June (8% salmon fry and
2% greenling  juveniles), 7% in early July (snake prickleback  larvae) 11%
in late July (unidentified larvae), 16% in early August (5% herring lar-
vae), 23% in late August (12% herring larvae), 44% in early September
(18% herring larvae, 6% herring juveniles and 8% sand lance juveniles),
26% in late September (23% herring larvae), and 78% in October (24% sand
lance juveniles, 52% salmon fry and a trace was staghorn sculpin  larvae).

Gammarid amphipods were 22% to 80% of the diets from mid-May through Octo-
ber . Telmessus  cheiragonus  (horse crab) megalops  were 13% and Dungeness
megalops  were 14% of the early June diet, and ~. cheiraqonus  was 18% of
the late June diet . Cumaceans were consumed from mid-May to mid-August
and were 2-18% of the diets. Mysids were consumed from mid-May to Octo-
ber, and were 8% of the contents or less before September, and 30% and
17% in this month.

Insects were consumed from mid-May through October, especially; in late
July and early August when they were 42% and 66% of the diets. Copepods,
isopods,  euphausiids, shrimp and polychaetes  were also consumed.

Eight adult Dolly Varden in late May and early June were also examined
for food habits (Figure 46). In May 58% of the diet by weight was sand
lance juveniles, 6% was capelin  larvae and 36% was polychaetes.  In June,
76% of the diet was herring juveniles, 10% sand lance juveniles, and 12%
wal leye  pollock  juveniles.
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Fish, epibenthic  crustaceans and insects were also eaten in other studies.
Simenstad and Nakatani (1977) reported juvenile Dolly Varden ate har-
pacticoid  copepods,  gammarid amphipods, insects,  mysids  and fish at Attu,
and adult Dolly Varden ate mysids and fish at Amchitka. Kron and Yuen
(1976) reported Dolly Varden ate juvenile salmon and capelin  in Tutka Bay.

Capelin  ranked fourth in numerical abundance in the tow net catches and
27th in the try net catches. The catches were almost exclusively in late
May when tows of both gear types were made in the mouth of Iniskin  Bay
within a few minutes of each other. The capelin  were adults with ripe
and runninq  sex Products. In addition larval caoelin  were
abundant ii Kach~ak  Bay in October samp”
and tow net captured about 20 per haul.

The adult capelin  were 9 to 12 cm (mean “
larvae captured in October ranged from 2
standard length.

The lenqth composition of larval capelin

r e l a t i v e l y
ing when both the beach se~ne

0.7 cm) standard “ength and the
to 5 cm (mean 4.0 cm) in

was bimodal,  with peak numbers
at 2 to 3 cm and at 5 cm, suggesting either prolonged spmming  or two
different spawning times.

Capelin  are a forage fish that occurs in tremendous quantities in some
areas . They spawn from the last week of May until perhaps as late as
m i d - J u l y  (Blackburn,  1979b). Their eggs are deposited in coarse sand or
fine gravel on beaches where they ride the crests of whves ashore on high
tides at night to spawn (Templeman, 1948) . They may also spawn subtidally,
however.

Ten adult capelin  stomachs in late May were examined for contents; nine
were empty, and one contained mostly barnacle nauplii  (Figure 47). Capelin
consumed smal l  plankters in other studies as well as larger plankters  and
crustaceans. Templeman  (1948) reported immature capelin  fed on copepods,
and mature capelin  on copepods, amphipods, euphausiids,  shrimp, and capelin
eggs. Rogers et al. (1979) reported capel i n fed on cal anoid copepods.

Capelin  were prey for Pacific cod and halibut (Hunter, 1979), Dolly Varden
( Kron and Yuen, 1976), Dolly Varden, chum salmon juveniles and yellowfin
sole  ( th is  s tudy) ,  herr ing,  cod,  sa lmon,  sea ls ,  whales ,  murres,  ptifins~
gulls,  terns, shearwaters and sea pigeons (Templeman, 1948) and cormorants,
glaucous-winged gulls,  kitt iwakes, horned and tufted puffins.>  Artic and
Aleutian terns and murres (Hatch et al., 1978).

The young reach about 40 to 60mm during their first winter and are an
important food for some sea birds during winter. Sanger et al. (1979)
found marbled murrelets specialized on juvenile capelin in the winter
and common murres feed to a limited extent on capelin.

Lonqfin  S m e l t

Longfin smelt ranked sixth in numerical abundance in the beach seine and
25th in the try net. They occurred throughout the summer in Kamishak Bay
and their abundance was strongly related, on a cruise by cruise basis, to the
water transparency. They only occurred at greater than 1.0 fish per haul in
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cruises that also had water with less than 1.5 m visibility and on the only
Cruise in which visibility greater than four meters occurred$ longfin smelt
were not captured. They were also much more abundant in Oil Bay, the mos.
northern area sampled, than elsewhere in the study area (Table 37).

Neither of the above distribution features are surprising since these
fish were found to be primarily inhabitants of the upper portion of
lower Cook Inlet by sampling in 1976 (Blackburn, 1979). Their occur-
rence in the study area is strongly related to hydrographic  features
that affect the boundary of their primary habitat area.

The age 1 longfin smelt appeared in late May at 5 to 6 cm and grew to
about 8 to 9 cm by late September. Age O longfin  smelt appeared at 3
to 5 cm in early September. Age 2 and older were 8 to 15 cm in late
May with a mode at 11 cm (Figure 48). I_ongfin smelt are considered to
spdwn at the end of their second year and are not known to survive to spawn
a second time. Some of the larger individuals may be age 3 smelt.

Stomachs of 25 longfin  smelt caught in late May and early lr::le contained
17 prey items (Figure 47). Gammarid amphipods comprised 6,94 ~nti 35% ‘S
stomach contents by weight for the two time periodsg shriinD  ~?rVGV - ‘“..L.,:’
prised 16% and 29%, and isopods comprised 9% and 10%. Tanner crab mega-
lops (Chionoecetes bairdi) comprised 17% of the diet in late May and my-
sids and cumaceans each comprised 8% in early June. In addition to epi-
benthic  crustaceans and decapod larvae, small plankters, and fish eggs
and larvae were consumed.

Longfin smelt from an ADF&G  Cook Inlet study in 1976 were examined for
food habits. The 100 fish had eaten amphipods, copepods,  and mysids,
and to a lesser extent,  barnacle larvae, crab larvae, cumaceans,  and
chaetognaths.

Larval longfin smelt were eaten by sand lance il

Surf Smelt

Very few surf smelt were captured and all were ‘
stomach of one surf smelt in late May contained
isopods  and a few barnacle c.yprids  (Fiqure  47).

this study.

n the beach seine. The
shrimp larvae, copepods,
Plankters  and et)ibenthic

crus taceans  were  a lso  smel t  ~rey in’s ~tudy  by Forsberg  et al. (1977),
who reported surf smelt in Tillamook  Bay, Oregon ate decapod larvae, cope-
pods, larvaceans, barnacle cyprids and amphipods.  Osmerids  were preyed on
by Pacific cod, great sculpin,  rock sole and yellowfin sole in Kodiak
(Rogers et al. ,  1979).

Saffron Cod

Saffron cod were captured in modest numbers throughout the study area, in
the nearshore zone. The stomach of one saffron cod in late May contained
52% isopods  by weight and 48% gammarid  amphipods (Figure 49). During one
beach seine, several saffron cod had longfin  smelt in their mouths.
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Table ~~. Long  fin smelt catch in numbers per beach seine haul by geom’aphic location and t(me. Sampling conducted in Cook Inlet fxnn  April
throuoh  October, 1978. This table includes all life history stages,

—
APRIL MAY JUNE JULY AUGUST

Location
SEPTEMBER OCTOBER

= 1-15 16-3T 1-15 16-3CI  1-15 16-3T 1-15 16-3T 1-15 16-~ ~ M e a n

Oi 1 Bay 108.0 12.3 5.5 21.0 32.0 1.0 0 27 7 40.0 25.6
Iniskin Bay :.2 1:.0 0 2.5 0 0 0 0.2 0.6
Cottonwood B.3Y 0.2
Iliamna Bay

7.7 0 0 0 0.5 0.2
0 0 0 5.1 : 1.5 : 0 0 0

Ursus Cove o 0 0 0 0 0 0 0.? 0.8
~:;

Rocky Cove o 0 0 0 0 0 0 0
Bruin Bay to Rocky Cove o 0 0 0
KacheMak  Bay o 0 0

— —

Table=.  Juvenile whiteSDotted  qreenltng  catch in numbers per km towed bv the tow net by geographic 10catiOn  and time. SamPling  conducted
in Cook Inlet from April throuqh  October 1978.

——
APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER

Location lT3B 1-15 16-31 1-15 6-3o I-15 16-31 1-15 16-3T I-15 16-313 T Mean

oil Bay o 0
oil Bav to Illamna  Bay o 0 8.9 0.5 0.4 0.2 1.8

Ursus Cove 2.5 0 0
;! ~

Rocky Cove 1.2 ,,

Contact Point o ~“-

Kachemak Bav > “
—— . ..— —-— .— —---- . .--. — .—

Table S Juvenile whitespotted  greenl ino catch in numbers Per beach seine haul by geographic locatfon  and tfme. Sampling conducted in Cook
Inlet from Aortl  throuoh  October 1978.

LoCat ion
~ Ml’ JUNE JULY AUGUST

1-15 16-31 1-15
SEPTEMBER

16-30
0CT08ER

1-15 16-31 1-~ 1-15 16-36 ~ Mean

Ofl Bay
Infskin Bay
Cottn”wnmi  Ba.

o 0 0.7 0 0
0 0 H :.0 0 1.3 : I

o 0.5 4.0 25.7 3.4 7.0 CH o
Iliamna 8ay o n,l o 9.3 2.B 7.8 ;:1
Ursus Cove 0.4 0

i:! 0.5 0.2
3.1 1,0 7.2 0.5 0 0.3 0.2

Rockv Cove 10.5 3,0 1.0 0 2.0 0 0 H
Bruin Bay to Rocky Cove 1.0 0 0 0.2
Kachemak Bav 0.6 0 0.1

0.1
1.2
3.5
3.4

Table % Adult whftespotted  greenling catch in numbers per beach seine haul by qeoqraphfc locatfon and time. Sampling conducted fn Cook
Inlet from Arril throuuh  October 7978.

~ MAY JUNE JULY
LoCat ion

AUGUST SEPTEMBER
1-15 16-31 1-)5 16-30

OCTOBER
1-15 1 6 - 3 1 1-15 31 W M e a n

Oil Bay o 0 0 0 0 0 0 0 0 0
Iniskin Bay 0.5 0 0
Cottonwood Bay

0.5 0.3 0 0 0
0

0.2
0.1 0 ::: 0,2 0.2 0 0

Iliamna  Bay o 0 0.5 0 0.3 0.5 : 0 : 8:;
Ursus Cove o ! 0.3 0.2 0 0 0 0.1
Rocky Cove o 0 0 0 I : 0
8rufn  8ay to Rocky Cove : 0 0
Kachmak  Bav o 0 :

Table QB. Staghorn sculpin catch in numbers Per beach sefne haul by g~graphfc  location and tfme. Samplfng  conducted in Cook Inlet from
Anvil thrmumh October. 1978.. . ...-=. . . ..—

APRIL 14AY JUNE JULY
Loc.att  on

AuGUST SEPTEMBER 0CT08ER
TT7JC7  1-15 16-3T 1-15 16-36 1-15 T6-3r  T-15 1~ 7-15 16-~ _%Sl_  Mean

Oil Bay 0.3 1.7 0.5 0 0.7 0 0.6 6.3 2.0
Iniskfn Bay 0

1.4
0 IT 3.0 0.3

cottonwood Bay 0.6 0.5 1,0 : 0.6 0.2 0 ; ::! !,5 :::
IIiamna  Bay o 0.1 0 0.9 0 1,3 0.1 0 0 0
Ursus cove

0.4
n 0.3 1.6 0.2 0.2 1.2 .2.7 8.1

Rocky Cove o 0 0 0 0 6.0 :
Brufn  86Y  to Rocky Cove

:::
0 1.0 0 0.2K.. hmk R,. o 0.3 0.2

T .0.05
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I)acific  Cod

Only four individuals of Pacific cod were captured. They ranged  from 5
to 24 cm and all but the smallest one were captured in the try net.
The primary habitat of the adults of this commercially utilized species
is in water deeper than 40 fathoms but the juveniles are ccmwnon in shal--
low water in some areas.

Pacific cod stanachs  were not examined for prey items in this study.
Other studies reported cod ate fish and epibenthic  crustaceans and
other  inver tebra tes .

Kasahara (1961) reported on studies in the North Pacific Ocean. In Kam-
chatka and the Bering Sea~ small Pacific cod ate small crustaceans, in-
cluding amphipods, and other invertebrates. Adult cod ate herring, sand
lance, pollock, tanner crab, king crab, flounder, salmon, greenling, cape-
Iin, cottids, young cod and mollusks (squid and octopus).

Simenstad  and Nakatani  (1977) found juvenile Pacific cod co~s~wec!  ga~~-r-~
amphipods,  isopods, sand lance and other fish, polychaetes and s:sa -. , .- ,

hers in their Attu study, and adult cod ate decapods, gammarids, polyc.haetes
<< . . .

and fish in their Amchitka study. Feder et al. (1977a) reported cod con-
sumed mollusks, ~. bairdi, shrimp, amphipods,  euphausiids, isopods, eelpouts,
fla$fish, sand lance, herring, cod and cottids in the Gulf and Bering Sea.
Simenstad  (1977) reported cod ate euphausiids,  shrimp (Pandalus  and Cranqon
spp.), Irish Lord, flounders, osmerids, and stichaeids in Cook Inlet and
Kodiak.

Other Kodiak studies reported cod ateC_. bairdi, hermit crabs, mysids,
euphausiids,  pol lock , sand lance and flat~Feder  and Jewett, 1977),
~. borealis and other shrimp, ~. bairdi and other crabs, herring, walleye
pol lock, eelpouts, cottids,  searchers, sand lance, arrowtooth flounder and
flathead  sole (Hunter,  1979), andP_: borealis and other shrimp, gammarids,
sand lance ,  her r ing ,  cot t ids , osmerlds,  flounder and salmon (Rogers et al.~
1979).

Pacific cod were eaten by other cod (Kasahara,  1961), and birds, including
glaucous-winged gulls, horned puffins and tufted puffins (Hatch et al . ,
1978).

W a l l e y e  Pollock

Walleye pollock  ranked 15th  in abundance and were captured in 44% of the
try net hauls. They occurred only occasional in other gears.  All pol-
lock captured were juveniles apparently of age O or 1 (Figure 50). Age
O pollock  grew from about 4 cm in July to 12 cm in October (based on six
fish) and age 1 pollock  grew from about 12 cm in early June to 18 or 19 cm
by late August.

Ten walleye pollock  in late May were examined for food habits (Figure 49).
They had eaten 66% tanner crab megalops (Chionocetes  bairdi) by weight, 13%
gammarid amphipods, 6% shrimp, 3% mysids, and less than 1% plankters and
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f i sh  larvae . Epibenthic  crustaceans, fish and plankters  were also p r e y
found in other studies. Kasahara  (1961) summarized previous studies in
t’e North  Paci f ic ,  repor t ing  pollock fed on euphausiids,  amphipoc?s,  l a r g e
copepods, shrimp, small fish and squid. In Gulf of Alaska and Bering  Sea
studies Smith et al  .(1977) reported pollock  fed on euphausiids,  fish, shrimp,
c e p h a l o p o d s ,  amphipods and g. bairdi, and Feder et al. (1977a) reported pol-
lock ate smaller pollock,  plankton, shrimp and small fish.

Cooney  e t  a l . (1978) reported small Bering Sea pollock  larvae ate copepod
nauplii  and eggs ,  la rger  pollock  larvae ate smal~ copepods,  and post lar-
val pollock  a te  la rge  copepods ,  amphipods  and euphausiids. Simenstad (’1977)
reported pollock  in Cook Inlet and Kodiak ate mysids, shrimp, euphausiids
and cottids. Rogers et al. (1979) reported juvenile pollock  in Kodiak ate
chaetognaths ,  calanoid  copepods$ euphausiids, and shrimp, and adult pollock
ate euphausiids, shrimp, sand lance and other fish.

Larval  wal leye  pollock  were eaten by Dolly Varden in this study. Pollock
were also eaten by Pacific cod and halibut (Hunter, 1979; IPHC, 1978),
larger pollock (Feder et al., 1977a), kittiwakes, murres and t~ft=d puffins
(Hatch, 1978) , and harbor seals (MacDonald and Petersen, 1976).

Pacific Ocean Perch

Pacific ocean perch were not examined for food habits in this study. Zoo-
plankton, fish and epibenthic crustaceans were eaten by perch in other
studies.

Carlson  and Haight  (1976) reported SE Alaskan perch juveniles consumed
copepods and euphausiids  and, t o  a  l e s s e r  e x t e n t ,  amphipods,  chaetognaths,
larval and adult  shrimp, pteropods and fish. Smith et al. (1977)  repor ted
perch juveniles consumed planktonic  crustacea,  euphausiids  and pandalid
shrimp, and adults consumed euphausiids,  pandalids, squid and fish in the
Gulf of Alaska. In the same study, Smith reported Bering Sea perch con-
sumed euphausiids,  mysids and squid.

l’4acDonald and Petersen (1976) reported predation on rock fish by Steller
sea lions and harbor seals.

Whitespotted  Greenlinq

Whitespot ted  greenling  ranked second in trammel net catches, third in
tow net catches, seventh in beach seine catches, tenth in gill net and llth
in the try net. Its appearance in all the gears is due to the presence of
both pelagic juveniles and demersal  adults.  The trammel net captured
adults and its catches displayed no significant seasonal feature. The
try net captured primarily adults,  including a considerable portion of
age 1 (about 13 to 18 cm) whitespotted greenling,  which apparently were
more abundant late in the summer. The tow net captured pelagic juveniles
(age O) which were most abundant during June through early August with a
peak abundance in late June (Table 38). The beach seine captured primarily
juvenile and a few adult  whitespotted greenling.  The seasonality  of juv-
nile whitespotted greenling  in the beach seine was the same as in the tow
n e t . Distribution of juvenile and adult  whitespotted greenling  show little
but a decreased abundance in Oil Bay (Tables 39 and 40).
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Juvenile, age O whitespotted greenling  grew from about 4 to 5 cm i n
late May to about 7 to 8 cm in early August and about 9 or 10 cm in
September. ln Kachemak they apparently were a bit larger in October,
about 10 to 15 cm. Age 1 whitespots were about 13 cm in late Nay or
early June and grew to about 18 cm by late August (Figure 51). Larger sizes
could not be assigned ages based on length frequency. Based on examination
of a few fish, it appears all age 1 whitespotted greenling were sexually
mature, however this determination may be in error. Examination of go-
nads of maturing greenling  in Kodiak revealed two size modes of ova.
Just before spawning the larger ova segregated to the posterior portion
of the ovary. This strongly suggests that these fish spawn more than
once per year and thus over an extended time period. However, the second
batch of eggs was not followed through” a second spawning thus they may
be for the following year,

A total of 12 whitespotted  greenling  with flowing sex products were ob-
served. All of these were over 20 cm in length and two were seen on
July 15, nine on August 7 and one on September 6.

The masked greenling  was the only other species of- the gem]s ~.aqramnm~
captured in Kamishak  Bay. This contrasts drastically with Kodiak where
five species were taken. In addition, the abundance of greenings was
much greater in Kodiak. Simenstad et al. (1978) established the importance
of kelp beds to the abundance of this group and the general absence of
kelp in Kamishak  Bay probably plays a part in greenling  abundance .

Stomachs of 31 juvenile and two adult  whitespotted greenling  were examined
for contents (Figure 52). The juveniles, from April, late May and June
catches, had preyed on 12 food items. Copepods made up 100% (mostly non-
calanoid)  of the diet in April, 93% (mostly calanoid)  in late May, and 80%
(non-calanoid)  in early June. Gammarid amphipods were 7%of the late May
diet and 71%of the late June diet. Barnacle cyprids, cumaceans, decapod
larvae, polychaete  larvae and fish eggs and larvae were also consumed in
June.

The two adults in late May had preyed on gammarids and mysids. Their sto-
machs also contained 67% unidentified invertebrates.

Zooplankters,  fish and epibenthic  crustaceans were food for greenling  in
other  s tudies  a lso . Rogers et al. (1979) found Kodiak whitespotted green-
ling juveniles and adults consumed larval shrimp and crabs, polychaetes,
gammarid  and caprellid  amphipods, harpacticoids,  and larval  fish including
sand lance, cottids, hexagrammids,  flounderz  rock fish and stichaeids.
Rosenthal (1978) found whitespotted greenling (10.5-31.0 cm) in the Gulf
of Alaska consumed amphipods, gastropod, shrimp, brachyuran crabs, iso-
pods, mussels and fish eggs.

Whitespotted greenling  were preyed on by
1978) and Steller’s  sea lions (MacDonald

horned puffins (Hatch et al. ,
and Peterson, 1976).
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Pacific Staqhorn Sculpin

Staghorn  sculpin  ranked sixth in the trammel net catches, and eighth In
the beach seine and gill net catches. Seasonal features are not clear,
but they were more abundant in September than earlier. They were most
abundant in beach seine catches at the same locations starry flounder
were most abundant, those near stream or river mouths and the CPIJE by
area was very similar to that of the starry flounder (Table 41). This
species is a common and in some areas abundant member of the nearshore
community (Phinney,  1972).

Juvenile staghorn sculpin  appeared at 1 and 2 cm in late June, 2 to 4 cm
in late July and 4 to 10 cm with a mode at 8 to 10 cm in ear~y Sept+mber,
A second age class appeared to grow from about 10 cm in early summer to
about 18 cm in late summer.

Stcmachs  of eight staghorn sculpins  from May catches were examined for prey
items (Figure 53). Only one of the three in early May contained food, and
this was all  unidentified. Stomachs in late May contained 6W ‘jand lance
larvae by weight, 14% herring larvae, 8% chum salmon fry, 7% ‘isopods,  4%
mysids, and 3% polychaetes.

I’4yoxocephalus  spp.

Myoxocephalus  sculpins  ranked ninth in both the beach seine and try net
catches. The beach seine catches were almost exclusively great sculpin
and try net catches were almost exclusively plain sculpin. The beach
seine catches showed a lower abundance from late June through August  with
greater abundance both earlier and later (Table 16).  The distribution
features showed primarily a ccxnplete  absence in Oil Bay (Table 42). In 197(
this t.axon  was not found  in the inlet north of Anchor Point  (Blackburn,
1978), a feature consistent with their absence in Oil Bay.

Age O Myoxocephalus  appeared in late May and early June at 1 to 2 cm and
grew to 4 to 7 cm in late September. Age 1 Myoxocephalus  were present in
April and May at 5 to 12 cm but this age class was too infrequent later
to follow its growth.

It is felt that great sculpin  juveniles are common nearshore inhabitants
during winter since age 1 great sculpin were common in April, before other
fish occurred, age O were common in the fall and during summer this taxon
was less abundant.

Forty-one great sculpins  (50-100 mm) from April to mid-June catches w e r e

examined for stomach contents; eight food items were found (Figure 53).
Gammarid amphipods were 75% to 98% of the diets in each time period. Pink
salmon fry were 17% and mysids were 5% of the diet in April.

Epibenthic  crustaceans and fish were also prey for juvenile and adult great
sculpins in other studies. Simenstad  and Nakatani (1977) reported fish,
c r abs ,  gammarid  amphipods and isopods as prey for adult Attu great sculpins.
Feder et al. (1 977a) reported crabs (Chionoecetes  bairdi  and ~yas),  and
@!!QI!dalli  aS PreY for 10wer COOk Inlet great SCUIPInS.  Slmenstad (1977)
reported-, shrimp, and euphausiids as prey for great sculpins in lower
Cook Inlet and Kodiak.

381



guq
oçp..nujqG

u6q

bJ)J
29JW

0U
p.?

jq2

egw
w

gLjq
9w

bpiboq

0C
u

93
96

r1
D

Ifo
q

2
b

2b
oq

o2
l

96
vl

61
@

flh
19

H

no
m

1
nu

jrl
3

96
V

6f
9D

fl6
f

bn

bg
!r

jri
9b

rn
U

GREAT SCULPIN

April 11-30

50 - N = 5

I I 1$ 4

May 1-15
N = 8

50 -

t

n May 16-31
N = 2 0

50 50

I

50

STAGHORN SCULPIN

May 1-15
N = 3 (2 empty)

Figure 53. Great sculpin  and staqhorn  sculpin  diet compo~itioo~  by major food item and time. April 1978
catches were in Kachemak  Bay and others were In Kamlshak  Bay. N = number of stomachs examl ned;
t = trace.

382



Table I&2. W_v~eDhalus  SD. catch i n numbers oe, beach seine haul by aeoQraphic location and time. Sampl in.g conducted in Cook Inlet from
4Dril throdqh October 1978. This taxon  is almost exclusively qreat  sculpin juveniles

APRIL MAY JUNE
Location

AL Y AUG~ SEPTEMBER
11-3(T 1-15 16-31 1-IS

_
16-30 1-15 16-31 W 16-31 1-15 16-30 1-31 Mean

-. _ — —  .—
Oil Bav o 0 0 0 0 0 0 0 0 i
Iniskin  Bav 3.8 2.0 0 0 1.0 0.3 0 0.9 0,4 1.0
Cottonwood Bay 1.2 0 4 I.o Q o 0.5 0 1,0 0.2 I,o 0.5
!liamna  9aY 7.0 0.9 0.3 0.2 0.2 0,3 0.1 0.3 0 2 1,0 0,4
Ur%us  cove 1.2 1,7 n I.o o 0.2 0.3 1.5 1.6 l)?
Rocky  Cove n 0.5 n o 0 0 5 0.2 0,2
8ruin  Bav to Rocky Cove 0 0 0.5 0.2
Kachemak  Bay 0.7 2.6 2.2

— _.-— -.——. .—. —

Tab’e  43 ‘a ICIC sandlance  catch In numbers per k. towed by the tow net by QeOQra Dhlc  locatlon and time. Sampl  in. conducted In Cook Inlet
‘r.m Wril thro. ~h ,October lq?,q. This table Includes lavvae.

_ — .  .— -—
APRIL MAY JUNE JULY AuGuST

L(,.,.,o!
SEPTEMBER OCTOBER

iT.To m—-m 1-15 6.3(7 ~- T.-37 1. I $ 6-31 1-15 6-3~ ~ Mean
.

,, :>. 111 I ,11 1
‘.. . . . LO :liamna  8dY 39,2 6S 3 6.8 3.6 0 0 16 0

.. ,,fe 0 3 0 0 T

-, , cove o u
~tact  Po, nt o 0

\achemak  Bdy c o
— _ . ..— —

‘ 9.05

Table ~. Paci*ic  sandlance catch in numbers  per beach seine haul by geographic location and tirni.  Samplinq  conducted in Cook Inlet from
4Pril thvounh  October 1978. This table includes larvae.

APRIL MAY
Location

JuNE JuLY AuGuST
m 1-15 16-31 cm 6-3o

SEPTEMBER 0CT08ER
~ 16-3T  1-15 16-3T 1-15 1 6 - 3 0  - T 3 1 - Mean

—
Oil Bav
Iniskin  Bay
Cottonwood Bav
Iliamna  Bav
Ursus  Cove
Rocky Cove
Bruin Bav to Rocky Cove
Kachema  k 8av 0,7

0
0 . 8
0

1.0
0
0

70 4
0

0 0

0 0 0

0.3 0,6
5:.0 0.8 22.4
0 1 0 . 0 17,0

00

0 0 1.2
0 0 6.0
0.2 0.7 1,5
11.8 7.9 4,2
0 0.5 0.3
0 0 0

0,5 0

Table  45. Qocksole catch lr numbers Per beach seine haul by qeOQra  Dhic lQcat iOn and tiwe Sampling conducted in Cook Inlet from April through
October ,1978.

A~RW M A Y JUNE
Location

JULY AUGUST SEPTEMBER OCTOBER
11.30 ~—~” T-15 16-3ii 1-15 16-31 1-15 16-31 1-15 16-30 ~ Mean

nil Ray 0.3 0 0.5 6,0 0.3 0 0,6 0 0 0.5
~ 2.0 0.3 0,6 0 0.6

2,0 0.6 1.2 0 ; o 0 0.7
n. 2 fT.3 0.1 0 0 0 0.4
0 7.5 0.8 0 0.4 0.2 0.7

) 0.5 0.5 0 0,5

2,0 1.5
0.5
2.7 l.~
0.7 1,1

1.Q 1.0 1.0 0
0 0 0

0.3 ;,2

ln, ski, %V:.tt,ywood Ea.
!I, a-ma Bav
!’FSUS  Cove
Wck. Cove
cm,” qa, to Qockv  Cove
Ka’he”wk  Elav

0.8
0.4 1.1
0 0.1

“,”

0
— .

.58.0 0
0.1 1,8
0.2 0
0.5 3.0

256,1 0,2
0

5:.0

7,6
0.6
0.4

17.1
60.1

2:.1
14.0 11.4

-.:. e & 8tarrv Clou”der catch In “umber%  per beach seine haul by qeoqraphic location and time. SamDling conducted in

L0c3tlon 11-30 1-15
.- —.—. — ————. ————- ——

fi, l Bay 1.3 1.3 3.5
Iniskin  9av n.2 1.0 n

throu Qh October, 1918.
Cook Inlet from April

APRIL MAY JUNE JULY AUGUST SEPTEMBER _
16-31 1:-15 16-30 1.15 16-31 1-1S 16-3i 1-15 16-30 1-31 Mea n

5.0 1.7 1.0 u /.0 2.0 1.5
0.5 2.0 0.3 0 0.6 0 0.5

Cotton W o o d  Bay 0,2 0.2 0 0 0 2.5 n o 0 0 0.3
Iliama  ~ay 0 n o 1.7 0 0 0.1 0 0 0 0.4
Urs. s Cove 1.2 0.3 2.0 O.B 1.2 0 0 1.4 2.8 1.3
Rocky  COW 0.5 0 0 0 1.0 0 2.2 0.9
grin R?, to Rocky Cove o 0 0 0

. .
\ac*e-lak Eav o . .

. - _ —  -  . . - .  . - —  — . _ — —  —  ..— ——

i 1<
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Adult great sculpins  in Kodiak ate C. bairdi (some over 40mm) and other
crabs, yellow Irish Lords, Pacific ~nm, butter sole, rock sole,
shrimp and medium-sized gastropod (Hunter, 1979). Juvenile sculpins
in Kodiak ate gammarids,  fish and brachyuran crabs, and adults ate sand
lance ,  herr ing ,  cottids, cod, osmerids, flounders, salmon, crab and
shrimp (Rogers et al., 1979).

Rosenthal (1978) reported large great sculpins  ate brachyuran  crabs and
herring eggs and adults in the northeast Gulf of Alaska.

Great sculpins  were preyed upon by Pacific cod in Hunter’s 1979 study.

Sand Lance

Sand lance were captured in greatest numbers in early summer, before about
mid-June, and in late summer after September 1 (Tables 16 and 18). The
catch distribution strongly suggests that sand lance were most common be-
tween the mouth of Iliamna  Bay and Oil Bay. Virtually all tile sand lance
captured in the tow net were in Oil Bay and between Oil B?,:( at~d Iliamna
Bay (Table  43). The beach seine yielded them in more areas, with single
large catches in Ursus Cove and between Bruin Bay and !?cck.~ Cove. The
most consistent beach seine catches of sand lance were  in ;: “jmnnz  !3ay, 61.
one station at the mouth of the bay. Within Iniskin,  Cottonwood and Iliamna
bays, sand lance were infrequent (Table 44).

Previous studies have shown that nearshore sand lance are more abundant in
early summer than in mid-summer and are much more abundant after about
September 1 (Blackburn, 1978). The studies this year also show this fea-
ture and suggest that they are primarily taking refuge in sand in nearshore
areas in the spring, moving offshore somewhat during summer and moving in-
shore in very large numbers in September.

The extent of their distribution is not clear but they are reported to be
more abundant in shallow water fairly close to land (from an oceanic point
of  view)(Macy  e t  a l . ,  1978) . They were reported to range from O to 100m,
and be most common above the 50 m depth in the summer in the Bering Sea
(Figure  54;  Macy  et al . ,  1978). A plankton survey on the east side of Kodiak
(Dunn et al. ,1979)  found larvae at nearly all  stations within about 30miles
of land, except in Kennedy Entrance. They reportedly have a preference for
coarse sand bottoms, with which they have been associated; which may be ex-
pected since they bury in sand for refuge and apparently bury their eggs in
sand (Macy et al., 1978).

The spawning of sand lance is thought to occur in winter. Based on the
growth rate of larvae and juveniles the hatching of sand lance in Cook
Inle t  appears  to occur over an extended period, lasting at least as late
as March and perhaps April (Figure 55). They grew to about 60 mm by late
August and 70mm in late Septmber. As was reported previously (Blackburn,
1978) different groups showed considerably different sizes beginning in
September and sizes in late September and October ranged from 40 to 100mm.
The one-year old sand lance apparently were about 90 to 100mm in late May
through June and about 100 to 130 mm in July, but assignment of age cannot
be reliably based on size after about one year of age (Figure 55).
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Sand lance from each time period were sampled for food habits. The 191
pecimens had consumed 20 prey items (Figure 56).

Copepods comprised 41 to 98% by weight of the diets; non-calanoids  were
eaten in April, and mostly calanoids from May through October. Barnacle
(cirripede) naupl ii comprised 17% of the diet in late May, 17% and 6% in
June, and 24% in late August. Barnacle cyprids comprised 6% of the diet
in late May, 4% and 3% in June and 3% in early July. Larvaceans comprised
41%, 4% and 5% of the diets in September and October.

Shrimp larvae were 15% of the diet in April, 27% in early May, 31% in
early June, 10% in early August, and 5% in October. Fish larvae com-
prised 28% of the April diet and chaetognaths  comprised 19% of the Octo-
ber  d ie t . D ia toms ,  gammarid  amphipods,  crab larvae, gastropod veligers,
polychaete  larvae and fish eggs were 6% or less of diets when present.

Sand lance from an ADF&G Cook Inlet study in 1976 were examined for food
h a b i t s . The 100 fish had fed on copepods, barnacle larvae, larv~ceans,
and  cladoceransa  and to a lesser extent on amphipods~  gas t ropod veligers,
mysids,  crab larvae and chaetognaths.

Plankton, fish larvae and epibenthic crustaceans were also food for sand
lance in other studies. Trumble (1973)  reported small sand lance larvae
in the eastern North Pacific consumed diatoms and dinoflagellates,  and
larger sand lance consumed copepods, nauplii,  chaetognaths,  fish larvae,
amphipods  and annelids. Simenstad  and Nakatani  (1977) reported sand lance
in Attu waters consumed copepods, chaetognaths,  gammarid  amphipods,  and
polychaetes.  R o g e r s  e t  a l . (1979) reported Kodiak sand lance consumed
calanoid  copepods ,  gammarids,  barnacle larvae and, to a lesser ex ten t ,
shr imp,  harpact icoids ,  cladocerans  (Podon),  and eggs.

Sand lance were food for Pacific cod, rock sole, sand sole and halibut
(Hunter, 1979), pol lock, whitespotted greenl ing, great sculpins and yel low-
fin sole (Rogers et al., 1979), king salmon, sockeye and coho smelt (McLean
etale, 1976), herring (Trumble, 1973), and Dolly Varden, sockeye and coho
juveniles, and staghorn sculpins (this study).

Rock Sole

Rock sole ranked sixth in abundance in the try net, eighth in the trammel
net and twelfth in the beach seine. Seasonal features are only apparent
in the beach seine catches which indicated greatest abundance from late
May through July. Nearshore sampling in Kodiak during this same time in-
dicated the same pattern, a peak abundnace in early summer and a gradual
d e c l i n e  l a t e r . They have been observed by divers in Kodiak to enter the
nearshore zone in about March or April in abundance and their age zero
young, less than an inch in length are abundant in early June and later.

Distributional features of abundance are not apparent in the beach seine
catches (Table 45). Growth of rock sole from the length frequency data
requires a bit of imagination but is apparent. Modes at 5 and 10 cm in
October mark the size of age O and 1 rock sole and weak modes for age one
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appear to grow from about 5 to 6 cm in early June through 8 to 9 cm in
‘ate August. Modes representing age 2 rock sole appear in May and June
at about 10 cm and increase in size to perhaps 14 or 15 cm by the end
of the summer but this year class is much less common at this time (Fig-
ure 57). The suggested growth rate is about 5 cm per year. Other age
classes cannot be identified.

Ten rock sole caught in May had eaten 12 prey items (Figure 58). One
juvenile (56mm) in early May had consumed 25% calanoid copepods by
weight and 75% non-calanoid copepods. Algae formed 49% of the nine
adult diets in late May, and gammarid  amphipocis, limpets, chitons,
bivalves, and polychaetes were also present.

Rock sole in other studies preyed on benthic and epibenthic invertebrates
as in this study, and also on fish. Bering Sea rock sole fed on poly-
chaetes, mollusks, shrimp, sand lance and echinoderms (Shubnikov and i-iso-
venko, 1964)9 polychaetes  and mollusks (Skalkin,  1963) and polychaetes~
pelecypods and amphipods (Smith et al., 1977).

R o s e n t h a l  (1978) reported rock sole ate sand lance, amphipods,  opist~.-
branch snails, bivalves, polychaetes  and herring eggs in the NE Eulf r:
Alaska. Simenstad (1977) reported lower Cook Inlet rock sole ate poly-
chaetes and gastropod, and to a lesser extent bivalves, mysids and shrimp.

Kodiak rock sole fed on polychaetes and clams (Feder and Jewett, 1977);
and polychaetes, sand lance and other fish, amphipods, clam siphons, and
whole clams (Hunter, 1979). Polychaetes ,  clamsiphons,  and gammarids
were eaten by juveniles and adults and sand lance, herrring cottids,
hexagrammids, osmerids, stichaeids, and flounder by adults in Kodiak
(Rogers et al ., 1979).

Rock sole are preyed on by great sculpins,  sand sole and halibut (1-lunter,
1 9 7 9 ) .

Yellowfin Sole

Yellowfin sole ranked first in abundance in the try net, fourth in the
trammel net and were rare in the beach seine. This indicates that they
are less frequent in the 10 to 30 ft. depths where trammel nets were set
than a little deeper and further offshore and were rare in the intertidal
zone. They were most abundant in late May and early June in the try net,
which supports the mi ration pattern hypothesized from work in 1976 and

71977 (Blackburn, 1978 . They were abundant in deeper water south east of
Augustine Island in August through March and almost absent in June. They
apparently move into the shallows of Kamishak between March and May, prob-
ably for spawning as this species is a summer spawner (June and July) in
the Bering Sea (Pereyra  et al., 1976) and one ripe male was captured in
mid-June.

Growth of yellowfin sole is not clear from the length frequency
age class appears to have grown from about 5 to 6 cm in June to
October (Figure 59). Growth cannot be identified from larger f“
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!~ineteen  yellowfin SOl~ were examined for food habits (Figure 58). In
ate May four stomachs were empty, but five contained 64% capelin  juven-
iles by weight, 22% gammarid  amphipods, 11% algae, and 1% or less bivalves
and brachyuran  crab larvae. Ten stomachs in early June contained 26%
algae, 10% bivalves, 4% or less gastropod, barnacles, gammarids,  and
polychaetes and 48% unidentified invertebrates.

Similar food items, fish and benthic and epibenthic crustaceans and in-
vertebrates, were reported for yel lowfin sole in other studies. Skalk~n
(1963)  repor ted  Ber ing Sea  yel lowfin sole ate amphipods,  mysids,  euphau-
siids, bivalves,  and polychaetes. Smith (1977) reported euphausiids  were
the major food of soles in the Gulf and Bering Sea. Feder et al. (1977a)
reported Cook Inlet soles ate pelecypods. Simenstad (1977) reported soles
ate fishes, polychaetes and shrimp in his Cook Inlet-Kodiak study. Feder
et al. (1977b) reported Kodiak yel lowfin soles ate fishes, clams and tanners
(Chionocetes  bairdi  ). Rogers et al. (1979) reported juvenile and adult
Kodiak  yellow-les  ate clam siphons, unidentified eggs, polychaetes,
shrimp,- and fish larvae including cottids, osmerids,  f l o u n d e r ,  sand lance
and stichaeids.

Starry Flounder

Starry flounder ranked tenth in the beach seine catches and occurred i?]fre-
quently  in all  other gears. They were most abundant in beach seine catches
during approximately late June through September in Kamishak, except
during the month of August (Table 16). They were much more abundant at
s o m e  samp”iing sites than at others. In general, the locations of highest
abundance were in very close proximity to the stream or river mouths. When
the beach seine data is grouped by area they appear more abundant in Oil
Bay and Ursus  Cove than elsewhere (Table 46) but specific sites in Rocky
Cove, Iliamna  Bay and Iniskin Bay yielded high catches of starry flounder.

Since this species is known to ascend rivers (Hart, 1973) it seem appropriat,[
to speculate that the decrease in abundance in August is the reflection of
t h e i r  e x c u r s i o n  i n t o  f r e s h  w a t e r .

Length information has not been reproduced since it is about the most diffi-
cult to interpret of any of the fishes. A total  of 158 measurements were
spread among nine cruises and 39 length classes from 4 to 46 cm. Age O
starry flounder did appear in late August and September at 4 to 5 cm but
older age classes cannot be identified.

Eleven starry flounder in late May were examined for stomach contents (Fig-
ure 58). Gammarid amphipods were 86% of the diet by weight, isopods  were
11% and bivalves, mysids, shrimp, algae and insect larvae were 2% or less.

Benthic and epibenthic crustaceans and other invertebrates were also prey
items found in other studies. Larval starry flounder in California fed
on plankton, larger flounder fed on clams and worms, and mature flounder
fed on shellfish and echinoderms (Orcutt,  1950).  Juvenile flounder in
Tillamook  Bay, Oregon fed on amphipods, juvenile clams, polychaetes  and
isopods (Forsberg et al., 1977).
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Rosenthal (1978) reported starry flounder fed on herring eggs attached
-to seaweed, clam siphons, britt le stars,  and crab in the NE Gulf of Alaska
and Feder et al. (1977a) reported flounder fed on clams and sand shrimp
(Crangon dalli) in Cook lnlet~ Hunter (1979) reported starry flounder ate
razor and surf clams (.5-4 cm) in Kodiak.

Larval starry flounder were preyed on by sockeye smelt (McLean et al.,
1976). Flounder were eaten by harbor seals (MacDonald and Peterson, 1976).

Sand Sole

Sand sole were occasionally captured in the beach seine and trammel net
exclusively in bays or near a river but never in the try net.

One sand sole in late May was examined for food habits; it had eaten 75%
mysids by weight and 25% gammarid amphipods (Figure 58). Hunter (1977)
found Kodiak sand sole ate mostly fish, including O+ age ro.k sole and
adult sand lance. Miller (1967) found Puget Sound sand sc’!e ate fish
and epibenthic  crustaceans, including shrimp and mysids.

Pacific Halibut

Pacific halibut ranked fifth in abundance in the try net and composed 3.4%
of the catch by weight (Table 12). There was no time of greatest abundance
apparent (Table 17) nor any location of greater abundance.

All halibut were smaller than 35cm but one, which was 49 cm (Figure 60). T h e
length frequency does not clearly demonstrate age or growth but with infor-
mation on size at age it is interpretable. On Portlock Bank, age 1 halibut
have been about 7 cm, age 2 halibut about 17 cm and age 3 halibut about
30cm (IPHC, 1978a). Although this information lacks a time scale which makes
in terpre ta t ion  a  l i t t le  more  d i f f icu l t ,  i t  appears  tha t  age  1 halibut in Kami--
shak Bay were about 10 to 15 cm, age 2 halibut were about 15 to 25 cm arid age
halibut were infrequent but between about 25 and 34 cm. Most of the halibut
captured were apparently age 2.

Halibut were not examined for food habits in this study. Other studies re-
ported halibut ate epibenthic  crustaceans and other invertebrates,  and fish.

Cook Inlet  halibut (Feder et al. 1977a) fed on fishes, including stichaeids
and sandfish, and crabs, including ~hionoecetes  bairdi.  Nor theas tern  Gulf
halibut (Rosenthal, 1978) fed on crabs, snails, octopus and algae.

Kodiak halibut prey items included whole king crab, Dungeness,  and~.  bairdi
(Gray, 1964), euphausi  ids and caridean  shrimps (Feder  and Jewett,  19771=
shrimp, sand lance, and herring (Rogers et al., 1979). In Hunter’s (1979)
study, prey items for halibut under 300 mm were Crangon shrimp (the major
prey), O + age rock sole, sand lance  and larval cottids; for halibut 300-599
mm prey items were pollock,  sand lance, herring, flatfish,  sandfish, capelin,
~. bairdi,  other crabs and shrimp; and for halibut 599-790mm  prey items were
pollock  and~.  b a i r d i .
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McLean et al. (1976) reported kadiak  and Cook Inlet halibut consumed
fishes, crabs, clams, squid and other invertebrates. IPHC (1978) re-
ported halibut young ateC. baird i ,  hermit  crabs ,  sand lance,  pollock
and zero-age  rock sole .  ~mith  et al. (1 977) reported smal 1 halibut ate
small crustaceans and larger halibut ate shrimp, crab and fish, including
sand lance.

Amchitka halibut consumed Pacific cod and Erimacrus (horse crab) (Isak-
son e t  a l . , 1971),  and armorhead  sculpins,  pollock,  sand lance ,  and  rock
sole (Simenstad,  1977) .

Halibut were preyed on by Pacific cod, sand sole and other halibut
(Hunter, 1979), and Stel ler’s sea lion (MacDonald and Petersen, 1976)

~utter  Sole

Butter sole were ca~tured  throughout the summer in the trY net, in wh” ch
they were the third-most abunda~t  taxon. They were most ~bundant  in Ma,y
and June and catches were greater within about four miles of the Oil ~a:]
to Iniskin  Bay shoreline than at similar depths off !IPSUL:  Lok:.  dtir..,
May and June.

One butter sole in late May was examined for food habits; it had eaten
56% polychaetes  by weight, 25% bivalves, and 19% gammarid  amphipods
( Figure 58).

Benthic  and epibenthic  invertebrates were also food items for butter
sole in Kodiak (Hunter, 1979), where bivalve siphons~  small crabs~
polychaetes, whole bivalves, and gastropod were consumed. One lar e
sole had eaten a sea cucumber in Hunter’s study. Simenstad’s  (1977 7
Cook Inlet Kodiak study found shrimp, mysids,  bivalves, gastropod, fish,
and polychaetes  were food items of butter sole.

Area by Area

Kachaak  Bay

The following species are considered critical based on their direct
commercial util ization within the area: king crab, tanner crab, Dungeness
crab, herring, shrimp, halibut, and pink, chum and sockeye salmon. Coho
and chinook salmon are less common in Kachemak Bay but should be consid-
ered critical species based on their high sport and commercial value and,
independently, on the presence of both juveniles and adults feeding and
migrating in the area. Pacific sand lance and capelin are considered
critical species as food fish for a wide variety of org@isms. Razor
clams are found in this area, are utilized for sport and’subsistence  and
should be considered crit ical. Dolly Varden are common in Kachanak  Bay
and are used for sport, subsistence and a small amount is commercially
harves ted  thus  they  sould  be considered a crit ical species.  Rockfish
are utilized to some extent for sport, subsistence and are sold to a
limited extent thus they should be considered at least an important
species . Pacific cod and walleye pollock  are used for crab bait and
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are fairly ccrmnon in Kachemak Bay and must be considered as important.
Flounders should collectively be considered important as they are quite
common in the demersal  zone and some undoubtedly spawn in Kachemak  Bay.

Lower Central Zone

The following species are considered critical based on their direct
commercial util ization within the area: king crab, tanner crab, hali-
but, herring, and salmon. Salmon also utilize this area as a migra-
tory pathway both into and out of the inlet and for feeding. Sand
lance must be considered critical as a forage fish species.  Razor
clams are found in this area, are probably utilized to some extent
and should be considered important. Pollock  and cod are found in the
deeper part of this area and should be considered important. Dunger,ess
crabs are harvested to some extent in this area and should be considered
important. Flounders should collectively be considered important as
they are quite common in the demersal  zone.

The food organisms listed as critical in Kachemak Bay are also crit-
ica l  in  th is  a rea .

Kamishak Bay

The following species are considered critical based on their direct
commercial util ization within the area: king crab, tanner crab, Dun-
geness  crab, herring, halibut, and pink, chum and silver salmon.
Sockeye salmon and king salmon adults must be considered to migrate
throughout the inlet on their return and juveniles were found to feed
in  th is  a rea . Therefore both sockeye and king salmon are also con-
s idered  cr i t ica l  species . Pacific sand lance are considered critical
species as a food fish for a wide variety of organisms. Razor clams
are found in this area, are probably exploited to some extent and
should be considered an important species. Flounders should collec-
tively be considered important as they are quite common in the demersal
zone and at least some apparently spawn in Kamishak Bay.

The food organisms listed as critical in Kachemak Bay are also critical
in  th is  a rea .

Kennedy Entrance

The following species are considered critical based on their direct
utilizaiton  within the area: king crab, tanner crab, halibut,  p i n k
salmon and chum salmon. All five salmon species migrate through
this area on their way into Cook Inlet and to Kodiak and thus they
must  be considered crit ical. Sand lance apparently use this area
and must be considered a critical species based on their use as a food.
Capelin use of this area is not known but could be extensive; in which
case it would be a critical species. Dungeness crab are harvested to
sane  extent in this area and must be considered important. pol lock
and cod are found in this area and should be considered important.
F lounders  should collectively be considered important as they are
quite common in the demersal  zone.
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The food organisms listed as critical in Kachemak Bay are also
c r i t i c a l  i n  t h i s  a r e a .

Kalgin  Island

The following species are considered critical in this area based on
their commercial utilization: halibut, all five species of Pacific
salmon and Pacific herring. Razor clams are extensively utilized for
sport and are therefore a critical species. Sand lance, Iongfin smelt
and saffron cod are not known to be of direct food value but may be
important as food of beluga  whales which are common in the inlet.
Longfin smelt, saffron cod and herring occur in considerable abundance
and are probably grouped or schooled during winter and provide a likely
food source for belugas.

‘The food items listed as critical in Kachemak Bay are a150 critical in
this area.

Shelikof S t r a i t

The following species are considered critical species in Shelikof  Strait
due to their commercial util ization: king crab, Tanner crab, halibut,
all  five species of Pacific salmon, Pacific herring, shrimp, walleye
pollock,  Pacific cod, dungeness  crab and black cod. In addition sand
lance and capelin  are considered critical as food. There is no speci-
fic knowledge of their presence in $helikof  Strait but all ava i lab le
evidence suggests they are abundant. Razor clams are abundant along
the shores of Shelikof,  are ccxnmercial  exploited and should  be c o n s i d e r e d
c r i t i c a l .

Various rockfish including the valuable PaciYic Ocean Perch may be crit-
ically important in Shelikof  Strait, but there is no specific knowledge
of their distribution or abundance there. Thus they are classed as im-
portant.

The food item listed as critical in Kachemak Bay are also critical in
this area.
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DISCUSSION

The discussion addresses six geographic areas separately. They are
Kachemak Bay, the Lower Central Zone, Kamishak Bay, Kennedy Entrance,
Kalgin Island area and Shelikof Strait .  The boundaries of these areas
are shown in Figure 61.

Drilling Platforms

Acute Oil Spills

Kachemak  Bay

Habitat location and type. Three habitat types will be addressed.
T3Pse are demersal,  pe lagic  and nearshore .  The  demersal  habitat  is
located on, in or very near bottom. The pelagic habitat is the entire
water column and the nearshore habitat type is both pelag~c and demer-
sal but in the immediate vicinity of shore.

Use by key species including life history stages. critical ?nd
important species which use the demersal habitat within Kachemak !%y
are juvenile and adult king crab, tanner crab, Dungeness crab, shrimp,
halibut, flounders, walleye pollock,  Pacific cod and rock fish. Adult
capelin, normally considered a pelagic species, are found near or on
bottom in the April-June period before their spawning.

The major catch area for king crab, tanner crab, Dungeness  crab and
shrimp is in the western half of the outer bay, although some catch
occurs in virtually all of the bay. According to Trasky et al. (1977):

“Outer Kachemak Bay was shown to be a major area for both
release and settling of several species of commercially
important shellfish larvae. Initial release of king crab
and pink and bumpy shrimp occurred primarily in the cen-
tral and southern portions of the outer bay. King crab
larvae were primarily distributed from the central part
of the bay towards Anchor Point while bumpy shrimp larvae
were distributed westward toward the mid-portion of the
lower inlet. Areas of settling for king crab larvae
included the entire mouth of Kachemak Bay, however, the
highest density was found along the northern shore off
Bluff Point.

The distribution of larvae is partially related to water
movement patterns and may reflect entrainment in the gyres
found in outer Kachemak  Bay. Larval abundance was espe-
cially high at stations within the central area of outer
Kachemak Bay in the vicinity of the gyres. . .

Sampling conducted throughout Kachemak Bay and along the
coast of the lower Kenai Peninsula indicated the importance
of rocky, relatively shallow (less than 30 m; 90 ft. depth)
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habitat for post-larval king crabs. ..The Anchor Point
to Bluff Point area, in particular is considered crit-
ical to the maintenance of king crab stocks within the
Bay.”

The major catch area for halibut is the 10 to 30 fathom deep zone
(Traskyet al., 1977) and the halibut commission has identified an
area in the vicinity of Bluff Point to Anchor Point and another off
the south Kenai Peninsula where greatest effort is expended for
halibut (Figure 16).

Flounders occur virtually everywhere on the continental shelf but
areas of higher abundance within Kachemak Bay are not known. Adult
Pacific cod and walleye pollock  are commonly found deeper than 40
f~~thoms but juveniles also occur shallower. Modest numbers of both
occur in Kachemak Bay but distribution features are not known.

Critical and important species which use the pelagic habitat within
Kachemak Bay are: adult salmon of all five species migrating to their
home stream and also feeding; juvenile salmon of all five species
feeding and migrating to sea; larval,  juvenile and adult  herring,
capelin  and sand lance, all  feeding; larval king crab, tanner crab ,
Dungeness  crab , shrimp, flatfish and razor clams, all feeding; lar-
val,  juvenile and adult  pol lock, Pacific cod and rock fish, all
feeding.

The salmon catches in Kachemak  Bay are greatest along the southern
shore where pinks and reds are caught in greatest. abundance. These
species plus king, chums and cohos are harvested throughout the
bay (Figures 1, 6, 8, 10 and 12). Pink salmon spawning streams are
numerous on the south side of Kachemak Bay. There is a run of 15,000
reds in the English River and several rivers with modest runs of cohos
and chums on the south side of Kachemak Bay (Figure 3). Areas where
spawning of pink and chum salmon occurs within tidal influence are
commn on the south side of Kachemak Bay (Figure 15). These are ex-
tremely important as they provide the most predictable production of
any of the spawning areas. This is due to the influence of the ocean
waters which moderate the effects of extremely cold waters which freeze
spawn deposited upstream.

Juvenile salmon enter the pelagic zone in early summer where they can
be found through at least early Autumn. Some of the areas of Kachemak,
especially the bays on the south side are used by large numbers of
juvenile pink salmun. These fish typically use protected bays exten-
sively in early summer.

Herring spawn in the intertidal zone in the late April through early
June time period and their larvae hatch in about two weeks and dis-
perse through the upper layers of the pelagic zone. They feed in the
pelagic zone throughout the summer and attain about 30mm and meta-
morphose to juveniles in middle September. Juveniles and adults also
are dispersed throughout the pelagic zone of Kachemak Bay throughout
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the summer. Through the autumn and winter months herring move to
deeper water, still within the pelagic zone. They are commonly captured
by shrimp trawls during winter months.

Capelin  spawn in the intertidal zone beginning in late May through about
mid-July. Eggs are deposited in sand and small gravel (Templeman,
1948). They hatch in about two weeks and disperse through the surfac~
layers of the pelagic zone. They reach about 20 to 45mm by September -
October, but remain larval through their first  winter.  They are smaller
than herring juveniles in September due to their thin larval form. T~c.~
apparently remain in surface waters through the winter where they pro-
vide important forage for birds (Sanger et al., 1979). They metamor-
phose to juveniles in the spring at about 12 months of age and 65 to 70
mm. They remain in the pelagic zone in their second summer and possibly
in the following winter. As they approach 24 months of age they mature
and occur in large concentrations and may be found in surface waters and
near bottom, before spawning. They may survive and spawn. r~peatedly  as
some larger capelin do  occur .

Sand lance  spawn probably in midwinter and probably subtidally  in sand,
but this is not based on knowledge from the Pacific Ocear “C~c ‘fi~’
hatch apparently in midwinter and are 20 to 50 mm by late JurIe (Figure
54). All age classes are found in surface waters of the pelagic habi-

t a t . Large catches of larvae were made in Kachemak Bay (Blackburn,
1978). The young-of-the-year grow to about 60 to 90 mm by September and
apparently mature at 24 months of age. Sand lance seem to be common in
intertidal habitat  during winter where they bury in sand for protection.

Most all marine species are found in the pelagic zone at some time in
t h e i r  l i f e  h i s t o r y . The larvae of crab, shrimp, razor clams, flatfish,
w a l l e y e  pollock,  Pacific cod and rockfish are included. In addition,
juvenile and adult pollock,  cod and rockfish commonly feed in the pel-
agic zone.

Critical and important species which use the nearshore habitat within
Kachemak Bay include a large portion of both the demersal  and pelagic
species.  They are: adult  salmon of all  five species migrating to their
home stream and feeding; juvenile salmon of all five species feeding and
migrating from rivers to sea; salmon eggs and alevins in intertidal por-
tions of streams; herring eggs, larvae, and adults during spawning; sand
lance perhaps for spawning in winter, for protection in winter and for
feeding throughout the year; juvenile king and tanner crab for feeding
and adult king crab during winter; Dungeness crab juveniles and adults
for feeding in summer; some flatfish  species; Dolly Varden for feeding
the nearshore zone throughout the summer; rockfish  juveniles and adults
reside in kelpy and rocky areas which include the nearshore zone; and
razor clams are found in the nearshore zone.

Of special importance in the nearshore zone are the spawning areas of
herring, capelin  and salmon. Salmon eggs, since they are actually in
streams are not as exposed but this is an area where polutants  may re-
side a long time once they come to rest.
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The following organisms were found to be very important food items
from food habits analyses: copepods,  gammarid  amphipods~  decapod  l a r v a e ,
chaetognaths, euphausiids  and fish eggs and larvae. Copepods were
separated into calanoid  and other. Other copepods were not positively
identified but most were probably harpacticoid cope ods.

!
Calanoid

copepods predominate the zooplankton  (Damkaer, 1977 . They ~re
generally short lived and numbers respond rapidly to food supply so
that generally abundance is greatest during the seasons of high pro-
ductivity,  that is spring, summer and possibly into fall, The most
abundant calanoids  are common in the inlet and the open ocean and in
Kachemak Bay calanoids  migrate to the surface at night contributing t~
a considerable night increase in plankton (Damkaer,  1977).

Harpacticoid copepods  are  genera l ly  epibenthic  and are utilized most in
the nearshore zone. No information is available on distribution, abun-=
dance  or  seasonality  of harpacticoids.

Gammarid amphipods  are epibenthic and generally live for more than a
year . They are ubiquitous, as are copepods and no spec.iiic  informa-
tion is available on distribution, abundance or seasonal ity.

Decapod larvae and fish eggs and larvae are ephemeral taxa and Jrc
discussed above. Chaetognaths  are ubiquitous and short I{ved Frc-
datory plankters. Data is not available on distribution, abundance
or seasonality  but the likely pattern involves spring and summer
abundance with lesser numbers throughout the year. Euphausiids  a r e
planktonic  and most live for a year or more. Information on distri-
bution and abundance is not existent in the Cook Inlet area but Dunn
et al. (1979) found larval , juvenile or adult forms virtually every-
where on the east side of Kodiak in October-November, March-April and
June-July cruises. The adults tend to be more spotty in distribution
and the different species are in somewhat different areas.

Fish eggs were not identified but some were definitely planktonic
such as flounders and cod release. These species are discussed above.
Larval fish include a wide variety of types but the most abundant are
capel in, smelt sp., and sand lance in Kachemak Bay (English, 1979).
Some flounder and cod larvae were important in numbers (English, 1979)
and herring larvae are locally abundant, as they were found to be in
Kamishak Bay in this study.

Seasonal ity-critical  periods of use. The demersal  zone in Kachemak
Bay is utilized by juvenile and adult king crab, Tanner crab, dungeness
crab, shrimp, halibut,  flounders,  walleye pollock,  Pacific cod, rock
fish and others during the entire year. There is no time when the
demersal  habi ta t  i s  any  less  c r i t ica l , based on presence of resource.

The pelagic habitat in Kachemak Bay is used intensively by juvenile salmon
during about June through at least September and by adult salmon during
the same time period. Herring use the pelagic habitat in Kachemak Bay
throughout the year although during winter they probably are somewhat
restricted to the deeper zones while during summer all life history
stages are present in the surface layers. Sand lance and capelin use
the pelagic zone throughout the year.
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Larval stages of a large number of marine organisms are ephemeral
inhabitants of the pelagic zone and data on season of occurrence is
scarce . Shrimp larvae are reported to hatch in March and April and
require two to three months of planktonic  life (McLean et al., 1976)
Haynes (1977) found larvae of Pandalid shrimp in Kachemak Bay to be
abundant in early May 1976 in early developmental stages. By mid-Ju-
they were still common but in late developmental stages. Based on
that information the best guess for time of larval  shr imp occurrence
in the plankton is about April 1 through July 31.

Y

King crab larvae were found in the plankton of Kachemak Bay from early
May through mid-July but by late June a large proportion of the larv~e
were glaucothoe  larvae, the stage at which settling occurs and by mid-
July the abundance was considerably reduced (Haynes,  1977). In early
Nay a considerable portion of the larvae were advanced beyond the first
larval  s tage . Based on this information larvae of king crab are pro-
bably present from about early April through early July.

Existing information on Tanner crab is quite sparse. Thev are reported
to release larvae from April through July (Kaiser, per,o~.al communica-
tion) and require two months for larval development (Mci.ean  et al.,
1976). Based on that information they should be pres~~~t.  durinn April
through September.

The larval release period for dungeness crab is not known. Existing
information from a number of sources states that eggs are released
during time periods from early October through late May (Kaiser, per-
sonal communication). English (1979) found few dungeness larvae in
Kachemak during summer sampling thus will probably shed little  light
on this problem when his data is fully analyzed. The larval stage is
reported to last four to five months (McLean et al., 1976).

Walleye pollock  and Pacific cod spawn planktonic  eggs in the spring.
The eggs hatch in a few days to planktonic  larvae. The duration of
the planktonic  stage is not known but the duration of presence i n
the pelagic zone encompasses the entire life cycle of these species.
Eggs and larvae are probably present from late March through early
June. Juveniles and adults are present year round.

Flounders also spawn pelagic eggs which hatch into planktonic larvae.
Specific studies have not been conducted in this area but the general
time for flounder spawning is spring and early summer, at least.
Thus flounder eggs and larvae are probably present during the time
frcrn late March through at least September. Rock fish larvae are
present within this time period also and further refinement is not
poss ib le .

Razor clams are reported to spawn when surface water temperatures reach
13° c. In Cook Inlet this is reported to be mid-July (McLean et al.,
1976).

The nearshore habitat is used by many of the same species as the pel-
agic habitat and also by some of the demersal species. Time of use by
the species common to these habitats is the same as presented above.
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Juvenile salmon use the nearshore habitat during March through July.
~~lly Varden are present ~rom about mid-May through September or early

Uctober. Herring spawn is present during l a t e  A p r i l ,  M a y  a n d  e a r l y
June. Capelin  spawn is present from late May through probably about
mid-July. Halibut occur occasionally in the nearshore habitat  during
mid to late summer. King crab occur in the nearshore habitat during late
winter and spring. Sand lance are present in the nearshore zone year
round and eggs may be present in mid-winter. Dungeness crab use the
nearshore zone in summer.

The time of use by the important food organisms is discussed in the
previous section.

Potential for long residence time of contaminant

Weathering of oil. Every year 80,000 metric tonsof  petroleum
are introduced into the marine environment during oil and gas drill-
ing and production operations. Of this total ,  approximately 60,000
metric tons or 3/4 of the total inpi~t  is lost during major  a c c i d e n t s
resulting from blowouts,  pipeline repture and other unpredictt.bl~
happenings. Minor spills and discharge of formation waters (b\rines)
during normal drilling and production operations account for the re-
maining 20,000 metric tons. As worldwide petroleum production in-
creases, so will  the loss of oil . By 1980, if the rates of losses
remain the same, the total input of oil into the marine environment
frcm offshore drilling and production may reach 200,000 metric tons
p e r  y e a r  (Clark & MacLeod, 1977).

Petroleum or petroleum products released on the surface of marine waters
immediately undergo weathering processes which disperse and break down
hydrocarbons by physical, chemical and biological means. Physica7  and
chemical weathering processes involve spreading, evaporation, dissolution,
emulsification, sedimentation and photochemical  modification (Clark and
MacLeod,  1977).  Biological processes involve the degradation of oil  by
microorganisms (biodegradation) and possible uptake by larger organisms.

The weathering of oil is affected by a variety of factors, such as
l o c a t i o n  o f  t h e  s p i l l ,  w i n d ,  w a v e s ,  c u r r e n t s ,  w a t e r  d e p t h ,  s a l i n i t y ,
o r g a n i s m s ,  n u t r i e n t s  a n d  k i n d  o f  o i l  s p i l l e d  (McAuliffe, 1 9 7 7 ) .

Spreading. Spreading, the dissipation of oil on the sea
surface to form slicks, will  greatly enlarge the area of a surface
o i l  s l i c k . The extent of spreading is primarily dependent upon the
chemical and physical nature of the spilled oil although winds, waves
and currents are also contributing factors (NAS, 1975) .

According to an oil spill trajectory study by Dames and Moore, 1979,
wind drift  factor current is the primary driving force of oil  slick
movement. Net current and tidal current are secondary forces.
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Spreading and dispersion accelerate the weathering process by increasing
*he surface area of the oil that is exposed to airs l ight  and seawater .
Generally, the lighter the oil  the faster the oil  will  spread (Dames &
Moore, 1975a). A representative calculation of oil  spreading indicates
that a 62,000 barrel oil spill would, after 11 days, spread to a d i a m e t e r
of 9.8 n.mi. (18.2 km. ) (ADF&G, 1978a).

In calm water, gravity and surface tension cause oil to spread over the
surface in a thin, continuous layer and in a circular pattern. In open
water, spreading is aided by waves, wind and water currents causing
elongation and distortion of a surface slick (Clark & PlacLeod,  1977).
In  areas  where  there  i s  res t r ic ted  c i rcula t ion ,  such as  a  gyre in a l~y,
surface spreading alone would greatly increase the area of the bay which
would be affected by a spill.

OrI a calm sea spreading oil passes through the following phases:

1.

2.

3 .

Crude o-
surface
persed.
heavy fl
(Clark t

During the first  hour gravitational and inert~~’  forces increase
the  d iameter  of a spill. A c c o r d i n g  t o  Fay’s  ~a~a,  a 10,000
ton  sp i l l  o f  o i l  could  increase  by  a  factor cf eight  in t h e
f i r s t  h o u r .

During the period from one hour to one week after the spill,
gravity and viscosity cause the diameter of the spill  to
increase by five times that reached during the first (one
hour) phase.

After one week, if any oil remains on the water surface, it
would be spread over an area in a thickness of approximately
8mm. (Clark and MacLeod, 1977).

1 and most types of refined products which spread across the
of quiet or confined waters can be cleaned up or at least dis-
H o w e v e r$ no satisfactory method has been found for cleaning up
el oil  that tends to solidify when
MacLeod, 1977).

After oil  is spilled at sea, components of
weights immediately begin to vaporize into
into the seawater (NAS, 1975) .

spilled into cold seawater”

oil that have low molecular
the atmosphere or are leached

Evaporation. After a spill  the first  changes to take place
are evaporation of the volatile components and alteration of the physi-
cal properties of the remaining slick. The rate and extent of these
changes depend upon the chemical and physical nature of the components
of the spilled petroleum, the wave action, wind velocity, and water
temperature. Weathering studies show that most hydrocarbons smaller
than C15 (boiling point less than 250 C) will volatilize from the sea
surface within ten days; lighter petroleum components evaporate within
hours. Hydrocarbons from C15 to C25 (boiling point range 250 to 400 C)
will  evaporate in limited amounts and will tend to remain in the slick.
Hydrocarbons above C25will  be retained (Clark and MacLeod, 1977). A
study by Kinney et al. (1970) showed that hydrocarbon compounds below
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Between 30  and 50% of  the  hydrocarbons  in a typical crude petroleum

tpjl 1  o n  t h e  s e a  s u r f a c e  wjl 1 b e  r e m o v e d  b y  ~vaporatjon. Bunker C fuel

oil would probably lose about 10% of its hydrocarbons. About  75% of the
hydrocarbons of a No. 2 fuel oil and almost 100% of the hydrocarbons of
gasoline or kerosene will vaporize (Clark & MacLeod, 1977). Uames &
M o o r e ,  1975b s t a t e d  t h a t  signi~jcan~ quanjtites o f  s p i l l e d  oil may be

r e m o v e d  f r o m  t h e  s u r f a c e  w a t e r s  b y  e v a p o r a t i o n . An oil s~jll o r  blowo~~

in Kachemak Bay and in Chinitna  Bay might behave similarly to light.
Arabian crude oil in which as much as 20 to 40% of the oil may evaporate
in several days depending on the temperature of the oil and the wind
conditions.

If petroleum is spilled in an open ocean, evaporation may be complete
before the slick reaches the shoreline. Wind and waves tend to increase
evaporation rates because of sea spray and bursting bubbles will inject
petroleum components into the marine atmosphere. In most areas, these
hydrocarbons remain in the atmosphere only temporarily and ar: then
redeposited in the ocean at a distance anywhere from a few meters  to
several hundred kilometers from the ~rea of injection (Clark & MacLeod,
1977).

Dissolution. After a spill, soluble components of a slick are
lost from the sea surface to the water column by a process called disso-
l u t i o n . This  process  s tar ts  immeidately upon contact of the oil with sea-
water. Low molecular weight aliphatic  and aromatic hydrocarbons, also
lost by evaporation to the atmosphere, are removed from an oil slick by
dissolution into the seawater. The rate of dissolution depends orI am-
bient weather conditions (e.g. air and water temperatures,  wind velocity,
sea state, currents and waves) and on the physical characteristics and
chemical composition of the petroleum (Clark and MacLeod, 1977).  Hydro-
carbons with higher molecular weights are less water soluble and are not
as rapidly removed from the slick, as are the lighter molecular weight
hydrocarbons, although gradually they will be leached out by seawater
(NAS, 1975).

Emulsification. Whereas evaporation and dissolution help
disperse the soluble parts of an oil  spill ,  emulsification is an im=
portant method of dispersion for the insoluble components of petro-
1 eume Emulsions can be of two types: oil in water or water in oil.

Oil in seawater emulsions are relatively unstable and are easily dis-
bursed by currents and rough seas. Following the Arrow spill in Cheda-
bucto  Bay in Nova Scotia, Canada, fine particles o~ranging  from 5
micromillimeters  to several millimeters were found in the water column
and dispersed as far as 250 km away from the spill  site. The eventual
fate of oil in water emulsions appears to be dissolution in the water
column or association with solid particulate matter or detritus and then
eventual biodegradation or incorporation into the sediments (NAS, 1975).
Oil in water emulsions disperse in the sea and degrade more rapidly than
a  c o n t i n u o u s  oil s l i c k  (CIRO,  1978). Seawater in oil emulsions eventually
break up or combine with particulate matter, sand or other detritus and
are subsequently biodegraded  or incorporated into sediments (Clark and
MacLeod,  1977).
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Water in oil  emulsions usually form when the more  viscous oil  such as
high asphalt  crude petroleums and residual oils are spilled. These
emulsions form semi-solid gel-like lumps referred to as “chocolate
m o u s s e ”  i n  r e p o r t s  f o l l o w i n g  t h e  T e r r e . y  Canyon incident.  C r u d e  Pe~ro-

leum containing high levels of asphaltenes  such as those from Kuwait
and Venezuela, can produce a mousse that is stable for several months
whereas petroleum containing low levels of asphaltenes,  including those
from Libya and Nigeria, produce a relatively unstable mousse (Clark awl
MacLeod, 1977).

The fate of water in oil emulsions has been indicated as a source of
tar ball formation (NAS, 1975). During large spills,  thick layers
of oil persist for long periods of time and large aggregates of mousse
can be produced. Mousse washed ashore becomes incorporated with sand
and debris eventually forming thick balls of oil  called tar balls.
Tar balls appear to be fairly resistant to dispersal,  oxid~.tion  a n d
bacterial attack and thus degrade very slowly. Wave act:$:rl  and tur-
bid waters,  both characteristic of Cook Inlet,  aid in in? f o r m a t i o n
of tar balls (Dames and Moore}.

Sedimentation. Another process that removes oil from the
surface of seawater is sedimentation, a process which involves the
sinking of petroleum components. Petroleum sinks when its density
becomes greater than that of seawater. Evaporation and dissolution,
which have been discussed previously, combined with other processes
such as oxidation cause oil to sink. The surface of tar balls formed
by this process undergo degradation into many, small dense particles
of oil which can then sink (Clark and MacLeod, 1977).

Oil also sinks when it adheres to particulate matter such as organic
mater ia ls ,  c lays ,  s i l t ,  sand,  g lac ia l  flour,  and shell f r agmen t s  su s -
pended in the water column. Turbelent  waters agitate the petroleum and
particulate matter causing the oil  and particles to agglutinate.  During
calm seas these particles sink to the bottom. Large quantities of
suspended sediments are found in coastal bays and estuaries. When an
oil spill in these areas is agitated by wind and waves, adsorption will
occur and particulate matter coated with oil will sink to the bottom
(Clark and MacLeod,  1977).

The rate of sedimentation in the environment is not known although
observation shows that a considerable amount of sinking can take place
within a few weeks after a spill. Lateral spreading of sedimented
petroleum can occur for several months after spills. Sedimented petroleum
is likely to be concentrated rather than dispersed in estuaries because
of the method in which water moves into and out of the estuary. The
long residence time of oil in intertidal areas depends upon wave action
in the area and upon sediment and substrate types (Hayes et al., 1977).
Oil spilled in shallow offshore areas can sink and then be rolled along
the bottom by waves and currents. The oil  accumulates particles of
sand, shells, rocks and pebbles forming hard, tarry masses (Clark &
MacLeod,  1977).

408



Photochemical  modification. Another method of oxidizing
‘ P i l l e d  o i l  i s  b y  photochemical  p r o c e s s e s . C o m p a r e d  t o  s p r e a d i n g

a n d  e v a p o r a t i o n ,  photochemical m o d i f i c a t i o n  i s  a  slow proc~s~

(HcAuliffe9 1 9 7 7 ) . Oil spread in a thin film or in dispersed drop-
lets near the surface of the water generally photooxidize more quickly
over a long period of time than “chocolate mousse” or tar balls
( C l a r k  and MacLeod, 1977).

Freegarde  and Hatchett  estimated that an oil slick 2.5 micromillimeters
thick (2 metric tons per km2) could be degraded by photochemical  processes
in 100 hours of continuous exposure to sunlight. Thus assuming 8 hours
of sunlight per day an average oil slick in the open ocean could decompose
in a few days (Clark & PlacLeod, 1977).

Biodegradation. Microorganisms including bacteria, yeast,
and fungi that are capable of oxidizing hydrocarbons are present in
almost all  natural waters (Clark and MacLeod, 1977) .  S tudies  by
Kinney et al., 1970, showed that Cook Inlet water degrades Cook Inlet
crude  o i l . Cook Inlet waters appear to have a large capacity for de-
grading crude oil . Biodegradat ion  i s  essent ia l ly  complete w~tfli~ 0~~

t o  t w o  m o n t h s . Their s t u d i e s  f o u n d  t h a t  m i c r o o r g a n i s m s  t~~t d~~ CZp&-

ble of oxidizing hydrocarbons are found throughout Cook Inlet number-
ing about 103 per liter or about 10% of the total population. It  ap-
pears that biodegradation is more important than physical flushing in
removing hydrocarbons from the marine environment.

Once a spill has occurred, the dispersed oil becomes an increased food
source for these aquatic organisms. The rate at which oil is degraded
depends on environmental conditions, the type of oil  spilled, and the
number and types of microbial populations present (Clark &FlacLeod,
1977). Biodegradation appears to be the major method of removing hydro-
carbons from the marine environment (McAuliffe,  1977).

Hydrocarbons may also be ingested by larger organisms. Fish tend to
e l i m i n a t e  i n g e s t e d  h y d r o c a r b o n s  more quickly than clams or oysters

(Mc~uliffe, 1 9 7 7 ) . The ingested material may either be incorporated
into the tissues or eliminated in the feces (Clark & P4acLeod, 1977),

Long residence time of oil. The potential for long residence time
of oil spill contamination in Lower Cook Inlet and Shelikof  Strait de-
pends upon the retention of oil in the water column, in coastal sedi-
ments, and along the shoreline. The various environmental conditions
affecting the retention of oil  in the marine environment include cir-
culation, t idal range, suspended sediments,  bathymetry,  bottom type,
coastal morphology, and winds.

The following charts discuss the physical processes and environmental
conditions which will determine the long residence time of oil or other
contaminants in Lower Cook Inlet as a whole as well as in each of the
natural regions of Lower Cook Inlet and Shelikof  Strait as designated by
OCSEAP (Figure 61 ). These regions include 1) Lower Central Zone, 2)
Kamishak  Bay, 3) Kachemak Bay, 4) Kennedy Entrance, 5) Kalgin Island
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Area, and 6) Shelikof  St ra i t . Also d i s c u s s e d  i s  e a c h  region’s v~lner-

a~ility  to oil spills and retention  o f  o i l  c o n t a m i n a t i o n  a s  d e t e r m i n e d
by sc ient i f ic  research .

R e l a t i v e  s e n s i t i v i t i e s  o f  k e y  s p e c i e s .  These ape dis~~ssed  in

T a b l e  5 1 .

L o w e r  C e n t r a l  Z o n e . A l l  t h e  s u b s e c t i o n s  f o r  tltfs z o n e  a r e

addressed under Kachemak Bay. Cr i t ica l  species  for  this area are
identified in Results under Area by Area. Potential for long res-
idence times of contaminants is addressed specific to this area in
Chart  I I I .

Kamishak Bay. All the subsections for this zone are addressed
~fid~r K a c h e m a k  B a v . critical s p e c i e s  f o r  th’is  a r e a  a r e  identified

:~i ~{[+sults under ~rea by Area. “ Po tent ia l  for  long reside~:e  times
o-; contaminants is addressed specific to this area in Chi~”i lV.

Kennedy Entrance. A l l  t h e  s u b s e c t i o n s  for this ?I.Tt .?re ~d-

d r e s s e d  u n d e r  K a c h e m a k  Ba.v. cr’i~icdl species for t~~~ ~~~ .~I’~

identified in Results und~r  Area by Area. Potent ia l  for long res-
idence times of contaminants is addressed specific to this area in
Chart V.

Kalgin  Island Area. All the subsections for this zone are ad-
dressed under Kachemak Ba.Y. C r i t i c a l  s p e c i e s  f o r  t h i s  a r e a  a r e

i d e n t i f i e d  in Results und;r Area b y  A r e a . P o t e n t i a l  for l o n g  r e s i -

d e n c e  times o f  c o n t a m i n a n t s  i s  a d d r e s s e d  specific t o  t h i s  a r e a  i n

chart V1.

In addition, longfin smelt and saffron cod use the pelagic and near-
s h o r e  z o n e s  o f  t h i s  a r e a  f o r  f e e d i n g . L o n g f i n  s m e l t  a r e  a n a d r o m o u s

w i t h  e g g s  hatching in winter o r  spring. L a r v a e  o r  juveniles w e r e

30 to 50 mm in early September (Figure 48) thus larvae are present
all summer, and juveniles and adults are present year round.

Saffron cod apparently spawn in December to February and larvae hatch
in April and are planktonic f o r  t w o  t o  t h r e e  m o n t h s  (Andriyashev,  1954).
Thus larval saffron cod are probably present in this area during April,
May and June and juveniles and adults are present throughout the year.

Shelikof  S t r a i t . A l l  s u b s e c t i o n s  f o r  t h i s  z o n e  a r e  a d d r e s s e d

u n d e r  Kachema~ W. Critical  species  for  th is  area  are  ident i f ied
in Results under Area by Area. Potent ia l  for long res idence  t imes
of contaminants is addressed specific to this area in Chart VII.

In addition, black cod juveniles and all  l ife history stages of Pacific
Ocean Perch use the pelagic and demersal  habitats in Shelikof Strait
for feeding throughout the year.

410



CHART I . LOWER COOK lNL~~

CIRCULATION

ADF.5G, 1978

The following
obtained from

discussion of Lower Cool. Inlet circulation is taken from Resource Report for Cook Inlet Sale No. 60, AuF&G,  1Y713. Further detail n~y be
Burb~nk (1977), Circulation Studies in Kachemak Bay and Lower Cook Inlet.

Lower Cook Inlet circulation is exceptionally complex due to the large tidal range and seasonally variable freshwater runoff and winds. During the
spring, sununer and early fall the freshwater runoff from the upper Inlet is high and southerly winds arc more frequent.

intruding seawater from the Alaska Current enters Cook Inlet through Kennedy Entrance (Figure 62 ). Co~stal divergence causes upwelling northwest ot
the Chugach Islands, and these upwelled waters subsequently enter outer Kachemak Bay and are incorpor~ted into the eastern counterclockwise (CCW) gyre.
As a consequence of offshore divergence, intruding Gulf of Al~ska surface waters are diverted offshore and bypass outer tbchemak Bay, although at ledst
some of this water is incorporated into the clockwise (CM) gyre in western outer Kachemak  Bay.

After reaching Anchor Point, the northward intrusion of seawater is diverted strongly to the west.
lower Inlet south of this wes.twdrd diversion.

A CCW gyre is apparently produced in the central
Strong westward flow has also been observed immediately south of the CCW gyre.

A significmt  anuunt of the intruding seawater continues north and northwest of Anchor Point where it encounters the strong southwdrd flow of turbid,
low salinity water from the upper Inlet. Net northward flow may extend significantly farther north to the vicinity of the East dnd West Forelands.
Strong north-south mixing is apparent in the area west of Ninilchik. This partially mixed water is carried west into the Mid-channel Rip.

The most intense southward flow of turbid, low salinity water from the upper Inlet occurs in a relatively narrow stream between the Mid-channel and West
Rips. The convergence of the intruding seawater with this strong southward flow produces a f ronta]  zone ( the Mid-ch~nne]  Rip) a]ony which the more
dense seaw~ter  flows under the less dense southward flow of turbid water. Convergence along the Mid-channel Rip is most intense between the latitudes
of Anchor Point and Kasilof. In the channel south of the South Kalgin Island Shoal the intruding seawater, after fluwiny under the strong southward
flowing stream of turbid water, apparently surfaces again in the channel west of the South Kalgin Island Shoal.

After convergence and intense mixing aIong the Mid-chdnnel Rip between Anchor Point and Kasi~of,
half of the lower Inlet.

intruding seawater is carried south ~n the western
In the lower Inlet south of Ninilchik,  the southward outflow of tutbid, low salinity water from the upper Inlet is mostly

constrained to west of the Mid-channel Rip. After passage through Kamishak Bay, the turbid water outflow is eventually discharged into Shelikof  Strait.
lhe frontal zone defined by by the Mid-channel Rip continues south through Kamishak Bay and into Shelikof  Strait; however, it is rather weak and
frequently very ill-defined in southern Lower Cook Inlet.

Convergence along the Mid-channel Rip collects considerable debris from surface waters in eastern Lower Cook Inlet. Evidence suggests much of this
debris may be held in the rip (primarily between the latitudes of Anchor Point and Kasilof) for considerable (several months or more) periods of time.

Most of this debris is eventually carried south along the rip and into Kamishak Bay. Sizeable  accumulations of debris ~re found in Kamishak Bay where
it apparently lingers in gyres or eddies until blown ashore. Amakdedori  Beach and the south shores of Kamishak Bay are t;w eventual depositional
sites of much of this debris, although significant amounts are probably carried into Shelikof  Strait.

Major alterations in surtace transport can be produced by persistent moderate to strong winds. Strong winds halve been observed to eliminate the
K~chemak  Bay gyre systems, and other gyres within the Inlet are probably also susceptible. Persistent (2-3 day) strong southerly winds have been
observed to greatly increase northward surface transport in the lower inlet and, as a consequence, generate a strong southward flowing countercurrent
at depth. Correlation of most regional scale perturbations of Lower Cook Inlet circulation with w:?c+s, however, has been severely inh;bited  by lack
of accurate of fshor~ weather data.

As observed in Kachemdk  Bay, the larger tidal rdnges seem to enhance circulation through m’stal  embayments and other &reds which, during periods of



-b smaller tides, contain gyres or a relatively sluggish circulation.

M The most significant initial transport mechanism in Lower Cook Inlet and Shelikof Strait is the tidal current. Typical
approximately 1-4 knots are experienced throughout most of Lower Cook Inlet and many areas of Shelikof  Strait, although
are apparently somewhat less than in Cook Inlet. Tidal Current velocities much in excess of 4 knots are conwnon locally
currei~t  directions generally conform roughly with the morphology of the basin and shoreline.

U.S. Coast Pilot 9

At the entrance to Cook Inlet the tidal currents have an estimated velocity of 2 to 3
velocities occur in the vicinities of Harriet Point and the East and West Forelands.
and West Forelands. It is estimated that the velocity during a large tide is as much
between Harriet Point and the southern end of Kalgin Island.

knots, and in general increase up

tidal current velocities of
velocities in Shelikof Strait
in Lower Cook Inlet.. The tidal

the Inlet. Very large
The current velocity has been measured at 5 knots-near-the East
as 8 knots between East and West Forelands and probably more

In general, the direction of the current is approximately parallel to the trend of the nearest shore and, when flats are uncovered, parallel to their
edges. Off the various bays a set may be expected, toward the bay on a flood current and from the bay on an ebb current.

TIDAL RANGE

Sharma & Burrell, 1970

The mean tidal range in Cook Inlet is of great magn”

U.S. Coast Pilot9, 1977

tude. Tides up to 12 m are conmon at Anchorage.

The diurnal range of

SUSPENDED SEDIMENTS

Feeley k Cline, 1977

tide in Cook Inlet varies from 14.3 feet at Port Chatham  to 29.0 feet at Anchorage.

The distribution patterns of particulate material in Lower Cook Inlet show a direct relationship.to  water circulation. The inflowing relatively
nonturbid Gulf of Alaska water moves along the eastern coastline until it reaches Kalgin Island where it mixes with the highly turbid brackish water
from Upper Cook Inlet. Under the influence of tidal currents and coriolis forces, the turbid water moves southwest along the western coast into
Shelikof  Strait where the particulate matter disperses and settles to the bottom. This counterclockwise circulation pattern gives rise to extremely
large horizontal gradients in suspended matter. However, tidal mixing is extensive and rapid; and, therefore, no vertical suspended matter gradients
are observed during the winter months in the central regions of Lower Cook Inlet.

The surface and near-bottom suspended matter distribution patterns in Lwer Cook Inlet are remarkably  similar; indicating that Cook Inlet is
characterized by unusually high horizontal gradients and no vertical gradients during the wi~ter s~ason. On the eastern side, the inflowing  Gulf of
Alaska water has suspended matter concentrations ranging between 0.5 and 5.0m9/l. On the:~cstern side, the outflowing turbid water, which contains
mechanically abraded rock debris from Upper Cook Inlet and has particulate concentrations ?,?~-, 10Q from 5.0 to 200 mg/1, is transported past Augustine
Island to Kamishak  Bay, where a portion of the suspended material settles out and the rem-~: “-q m,~terial is transported around Cape Douglas into
Shel ikof Strait and ii dispersed;

Burbank, 1974

Tidal currents within Cook Inlet, as interpreted from
material finer than sand. Facies 2 (gravel) probably

the bottom sediment distribution (Fic~re  63 ), are sufficiently strong to prevent deposition of
represents a true equilibrium size r tributlon. The gravels are most likely pal impsest glacial



till with more recent additions of ice-rafted gravel.

The Facies 1 sand in the upper Inlet is probably present only because the tremendous sediment input f~wm Koik Arm overwhelms the capacity of the
environment to remove it, since turbulence and current velocities in the Facies 1 region are comparable to areas farther south where gravel ‘ the
equilibrium product. The positive skewness of most Facies 1 sands, indicating a depositional environment , may be a summertime phenomenon. It is
expected that during winter months, when sediment input is greatly reduced, net erosion would occur. Interestingly, the distribution pattern of
Facies 1 sands conforms with the clockwise circulation pattern proposed for the upper Inlet; however, the pattern of the bottom sediment size
distribution may be biased in this manner by the relatively lcw sediment input of the Susitna River.

The inlet broadens and deepens in the region of Facies 3 (sand with variable gravel and silt-clay), dlthough current velocities appear to be sufficient
to prevent deposition of significant amounts of finer material. Although no size distribution data ~re available for bottom sediments in Kamishak Bay,
the extensive mudflats and a few notations of the bottom characteristics on USCGS chart 8554 indicate that a significant amount of the finer (suspended)
material carried from the upper inlet is deposited in Kamishak 8ay. A narrow and diminished plume of suspended sediments passes out of Kamishak Bay and
into Shelikof Strait along the western shore.

BATHYMETRY

Muench et al., 1978

Cook Inlet is a broad

BOTTOM TYPE

Sharma & 8urrell , 1970

64 ,70-90 km), sha low (mean depth of 60 mor 33 fathoms) elongate embayment (F gure , .

Sediments in Cook Inlet consist predominantly of cobbles,
~). F)urina the surer months. larae auantit.ies of crlaciallv derived sediment are added to
ebbles and sand, with minor amunts of silt and clay. The boundaries of the three

sedimentary environments are verv well defined (Fiaure  6
the upper ~eaches  of Cook Inlet.- Strong curren~s ~revent-ea~ly  deposition of most of th~ sili aid clay which ire tran~ported  seaward toward the
Forelands. In this area intense tidal flushing removes almost all material of less than gravel size. The rate of sediment supply to the Inlet is
minimal during the extended winter season, and sediments are reworked predominantly by ice rafting.

WINDS

Muench et al., 1978

Cook Inlet is subject to large climatological variations. During winter, regional weather is controlled by deepening of
oressure svstem. which brincrs  Dredominantlv  northerlv winds and concurrent low temperatures (below O°C) over the Inlet.

the Aleutian Low atnmspheric
These low temperatures’ cause

&xtensive  ice formation in ~he’ shoal reach;s  of uppe~ Cook Inlet. This ice then n;ves southnard  along” the western shore, often as far-as Cape Douglas.
Deepening of the Aleutian Low also leads to predominantly easterly winds offshore along the Gulf of Alaska coast. These easterly winds cause a “
coastal sea level set-up and a downwelling tendency. During sununer the climate ameliorates somewhat as the effects of the North Pacific atmospheric
high become dominant. Air temperatures rise to 10-12°C, winds are variable, predominantly southerly over the Inlet; and storm frequency decreases.
Offshore winds becorw primarily westerly, leading to a weak upwelling  tendency in the Gulf of Aldska,
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VULNERABILITY OF LOWER COOK INLET COASTLINES TO OIL SPILLS

Hayes et al., J977

Hayes et al. (1977) studied the relationship between coastal morphology and the longevity of sp
from the tanker tietula  in the Strait ofklagellan neutral and depostional shorelines rather than
advent of a spill in Lower Cook Inlet. Especially vulnerable will be the salt marshes and tide
gravel intertidal zone of the lower shoreline of Kachemak Bay.

lled contaminants. Based on studies of the spill
erosional shorel ines will retain oil longer in the
lat areas of the west side of the Inlet aswell as the

4-6

Areas would probably be free of oil within 6 months.

Pollution is possible up to one year.

Generally, Lower Cook Inlet is a high risk area for the long residence time of oil from spills (Figure 65 ). Atotiil of41.5%of the shoreline is
classified as having high risk values with 39% of this being areas where the residence time would be 10 years or more if no cleanup procedures were
initiated.

The following table shows the risk ratings and oil spill vulnerability of various coastal environments in Lower Cook Inlet. The oil spil 1 vulner-
ability scale of 1-10 is based primarily on the expected longevity of oil in the sediments of each environment if no cleanup procedures are
initiated.

Table 47. Risk  ra t ing  and o i l  sp i l l  vu lnerabi l i ty  of  var ious  coas ta l  envi ronments  in  Lower Cook Inlet.

Risk Ratin~ Discussion Longevity of Spilled O i l

1-2 Erosional shorelines with high (over 330 ft, 100 m) vertical Oil that goes ashore could be expected to be dispersed within
bluffs of bedrock faces of variable heights, beaches coarse a few weeks.
gravel or bedrock platforms. Oi 1 easily removed by wave
erosion; some problems in areas where gravel beaches occur.
13%of the coastline has a risk rating of 1-2.

Erosional shorelines with vertical bluffs less than 300 ft.
(100 m) or law bluffs in glacial or deltaic deposits. Beaches
are mixes of sand and gravel flanked in places by wide
tidal flats for bedrock platform. Generally low-risk area
except where deposi  tional berms exist; gravel and boulder
low-tide terraces subject b long-term oiling; burial
possible on beach faces. 32% of the coastline has a risk
rating of 2-4.

Depostional shorelines: spits, formed by sediment depo-
sition from longshore transport; bayhead beach-ridge plains,
consisting of parallel beach ridges formed by wave action
in the upper reaches of bays; and deltas at the mouths
of heavy sediment laden streams entering an exposed
high energy coast. Beaches are mixed of sand and gravel.
Dunes are common in areas where bayhead beach-ridges are
forming. Penetration and burial of oil possible; if buried,
would remain longer. Gravel beaches more susce tible than
sandy areas; oil would tend to accumulate here lecause
of position at head of bay. 13% of coastline has risk
rating of 4-6.



6-8

8-10

Deltas of heavy sediment laden streams entering areas
of low wave energy and deltas of smaller streams. Low
wave energy conditions and coarse grain size would allow
oil to remain for years; fresh water plume would probably
keep oil off delta during periods of high run-off. 2.5% of
coastline has a risk rating of 6-8.

Stable shorelines (somt low erosional bluffs and minor
depositional features) and tide dominated bayhead
depositional systems. Stable mountainous shorelines are
dominated by steep valley walls, pocket beaches of mixed
sand and gravel and extensive tidal flats. Stable
lowland and hilly shorelines are generally sediment
starved and fronted by thin tidal flat deposits covering
wide rock platform. Extensive sand waves and shoals,
mud flats and salt marshes are found in the depositional
zone at the head of tidally dominated bays. Alnmt
all areas subject to long-term oil spill damage,
especially salt marsh areas and tidal flats; fewer
problems at imuth than at head of embayment. Lower
parts of intertidal areas would be flushedby tidal
currents; oil may not enter area if fresh water run-off
is high. 39%of the coastline has a risk rating of
8-10.

Oil could remain in place for several years.

Long-term pollution of 10 years or longer can be expected
in these areas.
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Chart T I . Kachemak Ba~

CIRCULATION

Burbank, 1977

Outer Kdchemak  Bdy - Circulation in outer Kachemak  Bay (Figure 66) is dominated by two large gy~=., 3 +Counterclockwise (CCW) rotitin9 We in the
eastern half and a clockwise (CW) rotating gyre in the western half. The two-gyre system appears ~’;-:’ Ively stable unless altered by stroriy winds.
Net transport in outer Kachemak Bay is generally northward whether or not the gyres are present.

Variation in the tidal range causes a vdriation  in the size and shape of the two-gyre system. Extreme tidal ranges may cause enlargement of the
CW gyre with concomitant diminution or destruction of the CCW gyre. Increase in the tidal range, accompaniedby increasing tidal current velocities,
tends to increase net northward transport of surface waters throughout the outer bay.

Surface waters in outer Kachemak Bay are apparently derived largely from coastal upwelling (diverge~ce)  northwest of the Chugach Islands. This may
significantly increase available nutrient concentrations and greatly enhance biological productivity in outer Kachemak Bay.

Water in the gyres has a typical residence time of roughly 1-2 weeks, although longer residence times are possible. Northward flowing seawater is
incorporated into the gyres along their southern periphery while a loss of water is incurred along the northern periphery of the gyres.

Intrusion of seawater into Kachemak Bay occurs primarily along the southeastern shore. Near the entrance to the inner bay the flow turns north,
normally (during periods of high freshwater runoff) bypassing the inner bay. Strong surface outflow from the inner bay (during spring and sumner)
also turns north and flows along the mrtheast shore of the outer bay.

Major chonges in the Kachemak  Bay circulation pattern are comparatively infrequent during the mre quiescent spring and smmermonths, specifically
May to August. Beginning in later sumner (September) and continuing through winter, strocg seasonable storms tend to frequently alter this circulation.
Indirect evidence suggests that east or southeastward surface transport from central Lowe~- Ccd Inlet into outer Kachemak Bay can occur, however, the
oceanographic or meteorologic conditions required to induce such transport are not known.

Surface and subsurface (100 ft; 30 m depth) circulation is generally simflar  unless the surface currents are altered by persistent stron9 winds in ~
either Kachemak  Bay or Lower Cook Inlet. In such cases, subsurface cc+npensatory  currents which differ markedly from the surface currents have
developed.

Inner Kachemak Bay - Inner t’dchemak  Bay is a positive, partially mixed estuary wherein fresh water input (from rivers and precipitation) is greater
that evaporation, and tidal currents cause considerable vertical mixing. The horizontal circulation (Figs. 67 and 68 ) is characterized by two
counterclockwise (CCW) rotating gyres. The northeastern gyre is elongated whereas the southwestern gyre is fairly symmetrical.

Fresh water, introduced primarily by the Fox, Bradley and t4artin Rivers at the head of the bay, flows out of the bay along the ’northwest shore.
A significant aimunt of this outflow is diverted offshore in the region where the two gyres meet. The gyre movements and horizontal mixing processes
tend to distribute the freshwater layer throughout the inner bay.

Vertical and horizontal mixing processes increase the Salinity  of the surface water outfiow  near the mouth of the bay and greatly increase the volume
of the surface.water outflow from the inner bay. Surface outflow into the outer bay occurs :-,NSS  the entire entrance to the inner bay; subsequent
transport is northwest along the northeast shore of the outer bay. The inte~sity  of the s“
diminished during fall and winter when river runoff is low.

~:c? outflow from the inner bay is probably greatly

Seawater intrusion into the inner bay apparently occurs primarily below 100 ft (30 m) de:. ir, t ~ i.)cinity of the entrance. Vertical mixing OCCUrS
throughout the water column within the inner bay.



CURRENTS

Dames & Moore, 1975

Outer Kachemak Ba - Information available from the National Ocean Survey (1973) and the Alaska Department of
surface currents \n outer Kachemak Bay are highly variable, but generally less than 1 knot. Both the current
a function primarily of the range of tidal fluctuation over any given tide. Tidal currents outside the mouth
higher and more uniform, possibly in absence of boundary effects from the shoreline.

Fish & Game (1975) indicate that the
direction and magnitude appear to be
of the Bay appear to be slightly

The tidal traverse, or distance which a water particle may wove during a flood or ebb tide, varies as a function of location within the Bay as well as
the duration and amplitude of the tidal fluctuation. Tidal traverses may be less than 2 miles or greater than 10 miles.

TIDAL RANGE

Dames & Naore, 1975a

Table 48. SUMMARY OF TIDAL DATUM FOR kACHEMAK BAY

Seldovia(a) Halibut Cove(b) Homer(c)

Elevation Elevation Elevation
Da turn J@Z!_.. (feet) ~

Estimated Highest Water 23.0 24.0 24.8(e)

Mean Higher High Water 17.8 18.2 lB.1
t:u Mean High Water 17.0 17.5 17.3

Mean Tide Level 9.3 9.55 9.45

Mean Low Water 1.6 1.6 1.6

Mean Lower Low Water 0.0 0.0 0.0

Estimated Lowest Water -5.5 -6.0 ..5.6(e)

(a) Lat. 59026.6’; Long. 151043.O’
(b Lat. 59°36.0’; Long. 151°09.7’

1(c Lat. 59036’; Long. 151°25’
(d) Lat. 59049’; Long. 151°50’
(e) Highest and lowest levels observed

SUSPENDED SEDIMENTS

Dames & Moore, 1975a

Anchor Pt(d)
Elevation
_-@!2Q_

25.0

18.7

18.0

9.9

1.8

0.0

-6.0

The oceanic waters which flow past the entrance to Kachemak  Bay are relatively clear, having suspended sediment concentrations in the orderof ? to 2
mgl 1. Consequently, waters within Kachemak  8ay are similarly clear. Available measurmer,ts indicate the suspended sed~ment concentrations are



generally 3 n@l or less throughout the year. Where glacial streams flow into Kachemak Bay, such as in the vicinity of China Poot Bay, the
K water may be relatively turbid, especially during the summer months  when streamflow  is greatest. Suspended sediment concentrations may also be
‘+ higher along the beaches due to turbulent mixing and resuspension of sediments in the nearshore zone. Burbank (1974) reports that this nearshore

turbid water is generally limited to areas with water depths less than 18 feet. This nearshore tbrbiti  zone  may enhance the attachment and
deposition of oil of it moves toward shore.

Kinney et al., 1970

A suspended particle of sediment has approximately a 90% chance of being flushed out of

Oames & Moore, 1975a

The suspended matter that is characteristic to much of Cook Inlet water is an important
oil becomes attached to sediment particles the specific gravity of the oil and sediment
particles sink into the water column (where they would be influenced by currents) or to
Kachemak Bay, this sedimentation process would not be as apparent.

BATHYMETRY

Burbank, 19?7

Cook Inlet because of river input and entrained flow.

factor for oil spills occurring within the Cook Inlet area. If
becomes greater than the specific gravity of salt water and the
the bottom substrate. Where waters were clearer, such as in

Water depths in Outer Kachemk  Bay are from 20 to 40 fathoms (120 to 240 feet) and water depths in Inner Kachemak Bay vary between less than 10 fathoms
to approximately 50 fathoms (60 to 300 feet) (Figure 69 ).

BOTTOM TYPE

Shaw & Lotspeich, 1977

Shaw and Lotspeich noted that in general, the resence of smaller sediment particles in the substrate indicates calmer waters
“!organic materials will settle out and which WI 1 favor the growth of organisms. Thus, substrates composed of silts and clays

organic material including hydrocarbons than do sands.

Driskell  & Dames & Moore, 1977

from which suspended
typical ly contain more

Bottom types in Kachemak  Bay were identified during a study to determine the composition and distribution of major infaunal organisms in Kachemak Bay.
The study found that t

)8
four major substrate types,, namely, rock, sand, silt and shell debris, combine to form six major geological facies in outer

Kachemak Bay (Figure ).

Boulder - Large Cobble Facies - This facies predominates over a substantial portion of the intertidal and subtidal regions of outer Kachemak Bay down
to approximately 10 fathom (18 m) depths (Figure To ).

Northern Shell Debris Facies - This facies spans the northern portion of the outer bay at d:;? ..: ~i..n 10 fathoms to between 20 and 30 fathoms
blgure 7(3 ). Resides shell debris, the substrate contains varytng quantities of silt, ..:4 I?id ,:tibble.

Southern Shel 1 Debris Facies - In subtidal areas along the southwestern edge of the bay is ~nothet facies characterized by fine to coarse shel 1
debris Figure . he area is exposed to strong currents. Oepths range from 10 to C. fathoms. This area is considered distinct from the
northern shell re on because of differences between the infaunal assemblages.



Sand Facies - Sand dominates the substrate in the western central portion of the outer bay (Figure 10 ). Generally, the area appears swept by
weaker currents than the shell debris regions.
19/6).

Circulation studies indicate the occasional presence ot a large clockwise gyre over this area (Burbank,
The substrate surface is mainly characterized by ripple marks. In conflict with the hypothesis suggesting weaker currents, however. /as the

presence of sand waves approximately six feet high at one station. The crests were oriented generally in a magnetic east-west direction. These
waves appeared to consist of coarse sand, gravel and shell debris. The substrate becomes increasingly silty to the east, near the muddy sand facies.
Toward the northern and western margins of the facies, fine shell debris becomes more abundant.

Mudd Sand Facies - The muddy sand (or sandy mud) facies is centrally located in the outer bay and varies in depth from 15 to 40 fathoms (F
-~e ottom is flat and smooth, indicating fairly weak currents. Shell debris is generally lacking.

Silt Facies - This facies occupies the deep troughs (deeper than 30 fathoms) leading from the inner bay to Lower Cook Inlet (Figure 70 ).
Mlcrorelief  varies, appearing either flat, slightly rippled or pitted with burrows. The substrate varies from a cohesive anoxic clay to a
silt mixed with slight amounts of shell debris or fine sand.

WINDS

Dames & P400re,  1975a

gure

oose

Normally, in sheltered areas, such as Kachemak Bay, locally generated wind drift currents are not felt below depths greater than 5 feet from the water
surface. Winds are not as strong in Kachemak Bay as in Cook Inlet proper or the Gulf of Alaska due to the presence of the Kenai Mountains to the east
and southeast. Kachemak  Bay is oriented northeast to southwest, while Cook Inlet is situated north to northeast to south-southwest. Northwest winds
at the mouth of the Bay are not obstructed by land and are estimated to be 30 to 100% greater than those at Homer. Winds at Homer are predominantly
from the north and northeast and also from the west and southwest. Maximum monthly wind speed at Homer is 7.8 knots.

VULNERABILITY OF KACHEMAK BAY TO OIL SPILLS

Dames & Moore, 1979

A study by Dames & ~orewas  initiated to provide information on shoreline areas that would probably be impacted by hypothetical oil spills from nine
selected locations in Lower Cook Inlet. These sites correspond to recently leased tracts and probable future pipeline locations. The analysis was
based primarily on an oil spill trajectory model with winds and net and tidal currents being the environmental factors affecting the spill. The
results of this studv showed that Kachemak Bav would be imDacted within three davs after an oil spill from any of the nine spill locations (Figure

factors wi
and contro

7T ). The probability that Kachemak Bay wo;ld be impac~ed was 3% (Figure 72 -). The short time that it will take the spilled oil to reach
Kachemak Bay means that the oil will have minimally dispersl  d, therefore, nmre oil will be available to impact the shoreline and the toxic
constituents will not have been degraded. These 1 greatly affect fish and wildlife resources in Kachemak Bay.
spill site to shoreline impact makes containment difficult unless the necessary resources are in the imnediate
mobilized quickly once a spill release occurs.

The rapid movement from
vicinity and are

Dames & Moore, 1975a

for several tidal cyclesThis study indicated that oil entering the two gyre systems along the southern half of Outer K.achemak Bay could retain oil
before being transported elsewhere which could potentially affect the valuable fishery re-iol.!rce:  iv this area. These resources include shrimp-, herring,
Dungeness crab, tanner crab and king crab. Once the oil breaks loose from the gyre, it could pu,entially flow to the north or south margin of
Kachemak Bay depending on the stage of the tide and the wind conditions.

Figures 73 and 74 show predicted oil spill trajectory for both varying winds at Homer ud with a 10 know northwest wind at Homer.

is, ,.



Trasky et al., 1977

Coastal Morphology - The shores of Lower Cook Inlet, indluding  Kachemak Bay, were classified acc~rding  to their environmental susceptibility to
oil spills Figure 65 ), Based upon the potential residence time of oil which might impinge U:W the shoreline, a total of 41 .5% of the shoreline
was classified ~s having a high risk value (6-10) in which deposited oil could potentially rem~l :, }?ace for several to over 10 years. Shore
areas within embayments would be the most severely affected by an oil spill and would have the ?arqeii oil residence time. Salt marshes ad tidal
flats along the west shore of the Inlet and the intertidal zone of the lower shoreline of Kachemak h,~ a~e also considered particularly susceptible.
Studies of geomorphic indicators show that the general trend of coarse-grained sediment transport b wave-induced longshore  currents is primarily

1into both the large embayments  (Kachemak and Kamishak Bays) and the smaller embayments  (Figure 75 . “ibis transport increases the potential for
contamination of embayed shores. Conventional oil spill cleanup procedures were deemed to be ineffective on a major portion of susceptible shorelines
in Lower Cook Inlet.

Circulation - Net northward transport of clear oceanic waters entering Lower Cook Inlet was shown to occur primarily along the east side of Cook
Inlet I-lgure 62 ). Turbid, relatively freshwater, originating largely in Upper Cook Inlet, is carried out of the Inlet along the western side.
A strong westwaril deflection of the intruding seawater occurs at the latitude of Anchor Point.

Gyre systems were found in both inner and outer Kachemak Bay. The outer Bay gyre system typically retains water within the gyres for periods of 1-2
weeks, and may be of key importance to the development and survival of commercially important shellfish larvae. Because the gyres contain tremendous
numbers of larvae they are also potential hazard areas. If oil or other pollutants entered the gyre system during the spring or early sunnner Immths
when larval concentrations are high the result could be the mortality of substantial numbers cf larvae as they come in contact with the pollutant. The
gyre system would also enhance dispersion of oil and other pollutants throughout outer Kachem:k Bay, increasing the potential for contamination of shore
areas.

Larval Shellfish - Outer Kachemak Bay was shown to be a major area for both release and ssttling of several species of commercially important
shellflsh larvae. Initial release of king crab and pink and bumpy shrimp occurred primarily in the central and southern portions of the outer Bay.
King crab larvae were primarily distributed from the central part of the Bay toward Anchor  Feint while bumpy shrimp larvae were distributed westward
toward the mid-portion of the lower Inlet. Areas of settling for king crab larvae included the entire n-muth  of Kachemak Bay, however, the highest
density was found along the northern shore off Bluff Point.

~ The distribution of larvae is partially related to water movement patterns (Figure 66 9 and may reflect entrainment in the gyres found in outer
> Kachemak Bay. Larval abundance was especially high at stations within the central area of outer Kachemak Bay in the vicinity of the gyres.

An oil spill anywhere within the outer Bay could eventually disperse throughout the gyres, resulting in mixing of oil with the high concentrations of
shellfish larvae. Since the larval stages are highly sensitive to low levels of oil, the result could be the reduction or elimination of an entire year
class of commercially important shellfish larvae.

The majority of the diatoms and some of the macrophytes  found in the stomachs of commercially important shrimp (pink, coonstripe  and
w~pe) in Kachemak Bay are species croon in the marsh,mud flat areas along the south side of Kachemak Bay. Pollution of these marsh areas
by oil could have an adverse impacton the shrimp resource of Kachemak Bay by destroying pucential food organisms or the productive capability
of the marshes themselves.

Prediction of Pollution Transport - Prediction of pollution transport within Kachemak Bay .- iot~r Cook Inlet involves a number of transport wchanisms,
all of which are variable with tune and with location within the !nlet. The tidal stag~ : 5::: : spill occurred would normally be the most
significant initial variable in determination of a pollutant’s trajectory. Depending c] “ -an c ‘f the tide and the tidal stage at the time of
initiation of a continuous spill, the spill could be expected to produce a surface slit? .-l r i. (9.3 -18.5 km) long within about 6-12 hours.

Spreading and horizontal mixing processes would also tend to enlarge the area of the SPTI. Surfacs  spreading of an oil slick would be a particularly
significant process in areas such as the gyres in outer Kachemak Bay where the surface . ‘ ‘ck could be retained for 1-2 weeks or more.

In the absence of winds, the net circulation will be the dominant control of long range “:-ansport. In outer Kachemak  Ba , the typical net surface
current velocities of 0.15-0.3  kts (7.5-15 cm/see) (Figure 66 ) would  Caw d slick ~ !ghly 3.6-7.2 n.mi. (6.7-13.3 km /day either within or outside



o f the gyres. Oil along the southern shore of outer Kachemak Bay would normally be carried eastward along the southern coast, with a high probability
of coastal impingement and transport into the various embayments along the southern coast. The strong surface water outflow from inner Kachemak Bay
during the spring and summer would normally prevent intrusion of surface oil into the inner Bay. However, reduction in fresh water runoff during fall
and winter may greatly increase the vulnerability of the inner Bay to intrusion of surface pollutants.

The surface water outflow from inner Kachemak Bay, which flows northwest along the northern shore of the outer Bay, may provide the northeast shore with
some degree of protection from impingement of oil by holdin oil contaminated water offshore,

?
however, marked separation of nearshore fresh water from

the more saline offshore water is essentially a summertime high runoff period) phenomenon. The increased suspended sediment concentrations found along
the northern shore would probably enhance deposition of oil by adsorption on suspended sediments. The bottom environment ~long the northern shore is a
critical nursery area for settling crab larvae.

Oil retention within the outer Kachemak Bay gyre system could normally be expected and would be particularly deleterious during the crab and shrimp
spawning period. The highest concentrations of larvae in outer Kachemak  Bay are typically found in the region of the eastern (CCW) gyre.

Surface oil transported out of Kachemak Bay would normally be carried north and northwestward in eastern Lower Cook Inlet. The major tide rips (frontal
zones) in central Lower Cook Inlet (primarily the Mid-channel Rip) would probably collect a considerable amount of surface oil originating in eastern
Lower Cook Inlet. Extreme mixing processes along the Mid-channel Rip would likely also sink a large proportion of oil following adsorption on suspended
sediments.

Wind influence can frequently overshadw all other transport and dispersion processes and may on the average, be the single most important force
effecting surface oil transport in Lower Cook Inlet. Not only does the wind have a direct influence on transport of surface oil, but the net circula-
tion itself may be altered by persistent winds. Impingement on shore areas frequently requires some onshore wind influence on either the net circula-
tion or the surface slick. Favorable winds (northeast, east or southeast) could sweep the Bay clear of surface oil and might preclude any significant
damage within Kachemak Bay. On the other hand, winds from other directions could readily drive an oil slick ashore anywhere in outer Kachemak Bay.
For example, a moderate onshore wind with a speed of 15 kts (7.7 m/see) would cause an oil slick to drift onshore at a speed of roughly 0.45 kts
(23 cm/see). Such a wind could drive an oil slick from the central outer Bay to any shore in outer Kachemak Bay in less than 24 hours.

Due to the great variability in wind directions during all seasons of the year, and the lack of adequate offshore wind data in outer Kachemak  Bay and
Lower Cook Inlet, it is difficult to characterize the probability of shore impingement due to wind-induced transport. Strong north and northwesterly

E winds during the winter raise the probability of onshore transport in Kachemak Bay. Southerly and southeasterly winds, more frequent during the sunmer
W months, afford outer Kachemak Bay a greater degree of protection from onshore transport.

Assessment of potential oil transport, retention and shore ~mpingement  in Kachemak  Bay due to an oil spill can at present by treated only in terms of
general probability of occurrence. There is little doubt that outer Kachemak Bay is highly vulnerable to the spreading of oil throughout the Bay and
to retention of oil within the gyre system for significant periods of time. The typical net circulation would moreover carry a surface oil slick to
within at least a few miles of most of the coastline, increasing the probability of shore impingement in the presence of onshore wind transport. The
potential for ecological damage would be greatest if oil was to be introduced into the southern half of the outer Bay in the spring or sumner months.
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Figure 75. Longshore sediment transport patterns in lower Cook “’ ICI Based on geomorphic eviden.e such

z~ recurved sDits. cusuate spj-ts, and beach protube::.:ces . (Hayes et al., 1977)



Chart 111 . Lower Central Zone

C IRCULAT  ION

The Lower Central Zone primarily includes offshore waters (see Figure Gl ). The only shoreline area within this zone extends
Oil Bay to, and including, Chinitna Bay. Therefore, most of the information regarding circulation in the Lower Central Zone is
Lower Cook Inlet.

Dames & Moore, 1975b

from approximately
found on Chart 1 ,

Dames and Moore studied the meteorological and oceanographic effects of oil spills in Chinitna Bay, from which the following information was excerpted.

Virtually no quantitative data is available for circulation patterns in Chinitna Bay, although fishing gear and cargo lost north of Chinitna Bay and on
the east side of Lower Cook Inlet have been recovered in Chinitna  Bay.

Tidal currents generally flow parallel to the coastline and reverse directions approximately every six hours and traverse 6 to 12 mi during each flood
or ebb tide,. Tides are diurnal and maximum tidal currents ale slightly greater than 3 knots during the flood and ebb tide.

Burbank, 1977

In the vicinity of Anchor Point surface and subsurface waters are transported westward. As they move offshore, the currents turn southwestward toward
Kamishak Bay. Apparently, a qyre exists about 15n. mi (28km) westsouthwestward  of Anchor Point (Figure 62 ).

The currents north of
E
~ Dames b Moore, 1979

The net current field
Inlet.

TIDAL RANGE

Dames 8 Moore, 19754

Anchor Point move in a north-northwestward direction.
.

in the middle portion of Lower Cook Inlet west of Kachemak  Bay is relatively well defined compared to the southern portion of the

The tidal range and beach slope determine the areal extentof beach that may be affected by surface oil. Tides in the Chinitna Bay area are
composed of diurnal and semi-diurnal components, both of which have a strong influence on tidal phase and amplitude. A summary of tidal datum
for Chinitna Bay and adjacent waters is provided in Table 49 .



Table 49. SUMMARY OF [I DAL DATUM NEAH ctllN1mA BAY

Datum

Estimated Higher

Mean

Mean

Mea n

Mean

$. Mean

Higher High

High Water

Tide Level

Low Water

Iniskin Llay(~)
Elevation

(feet)

Water 20.0

Water 14.5

13.7

7.6

1.4

(,hinitna Bay(b)
Elevation

( f e e t )

20.0

14.4

13.6

7.5

1.4

Snug Harbor(c)
Elevation

(feet)

21.0

15.7

14.9

8.3

1.7

Lower Low Water 0.0 0.0 0.0

Estimated Lowest Water -5.0 -5.0 -6.0.
(a) Lat. 59040.8’; Long. 153023.8’
(b) Lat. 59050.3’; Long, 153°00.0’
(c) Lat. 60006.2’; Long. 152°34.3’

BATHYMETRY

Muench et al., 1978

Depths in the Lower Central Zone are variable, ranging from approximately 10 to 40 fathoms (Figure 64 ).

SUSPENDED SEDIMENTS

Dames & Moore, 1975b—

The surface waters near Chinitna Bay are relatively clear. A geophysical survey conducted in this area during late August of 1975 measured surface
visibility at 15 to 18 feet. According to Burbank (1974) surface suspended sediment loads in the nearby offshore regions ranged from 10 to 40 mg/1.
Nearshore waters may exhibit relatively higher suspended sediment concentrations primarily due to inflows from silt-laden, glacier-fed streams such
as Red River, and the East, Middle and West Glacier Creeks. Burbank (1974) also reports that nearshore waters may have increased turbulent mixing
and thus higher sediment loads. This nearshore turbid zone may enhance the attachment and dep~,sition  of oil if it noves toward shore.

Feeley & Cline,  1977

The distribution of suspended matter from Kachemak Bay to Kamishak  Bay ~n Lower Cook Inlet indl~at~s  that suspended matter concentrations are
lowest in the center of Cook Inlet with particulate concentrations increasing rapidly near tls ~,,.)~!., especially in the vicinity of Kamishak Bay.
Particulate concentrations are uniform with depth throughout most of the region which sugqes~s ttl:t ‘ ie water column is vertically mixed. This is
supported by the temperature and salinity distributions which are also uniform with depth. Apparently. the turbulence which is caused by tidal
mixing is sufficient to keep the water column well mixed with respect to suspended matter



BOTTOM TYPE

Sharma & Burrell, 1970

Sediments in the Lower Central Zone are primarily gravelly sand with minor silt and clay components (Figure 63 ).

WINDS

Dames & t4vore, 1975b

The Chinitna Bay area is exposed to
Winds are generally from the north,
is calculated to be 67 knots.

VULNERABILITY OF LOWER CENTRAL ZONE

strong offshore winds from the northern, western
northeast, south and southwest. Maximum monthly

TO OIL SPILLS

and southern sectors and from the drainage winds of Mt. Iliamna.
wind speed is 10-15 knots. A 10-year extreme 1 minute wind speed

Dames & Moore, 1979

A study by Dames & Pbore was initiated to provide information on shoreline areas that would probably be impacted by hypothetical oil spills fron
nine selected locations in Lower Cook Inlet. These sites correspond to recently leased tracts and probable future pipeline locations. The analysis
was based primarily on an oil spill trajectory nmdel with winds and net and tidal currents being the environmental factors affecting the spill.
According to the study the shoreline on the west side of Lower Cook Inlet from Iliamna Bay northward to Chinitna  Bay is a critical impact area
both in terms of the a~unt of time for an oil spill to impact the coastline and the annual probability of exposure to an oil impact (see
Figure 71 ]. Anchor Point, on the east side of the Inlet, was considered an area of concern, although to a lesser degree. Figure 72
that oil would imoact most of the western shoreline of the Lower Central Zone within 1 to 3 davs and the ~robability that a spill could occur at

shows

any one of-the potential oil spill sites was primarily 1-3% or 3-6%.

Hayes et al., 1977

s
w Most of this coastline

salt marshes and tidal

Dames & Moore, 1975b

has a risk rating of 1-2 or 2-4 (Table qi’ and Figure j’s ) although
flats are located, have a risk rating of 8-10 which would subject areas

the heads of bays, such as Chinitna Bay, where
to long term oil spill damage.

This studv bv Oames & Moore. used to assess the behavior of a Dotential  oil spill at the proposed drilling site of Phillips Petroleum Company
just east-of-Chinitna Bay, ~howed that with a strong onshore w;nd, it would be possible for oil to reach the shore within” several hours. “Winds
froma western direction wiJl tend to propagate the oil further offshore while winds from an eastern direction will force the oil toward shore.

:;%r: 5 ifd’za ::0;s
7$J and 79 show movement of oil from a spil 1 occuring at low and high tide with winds from the northeas  and south-
Tidal currents generally flew parallel to the coastline, reverse directions approximately every six hours and traverse

6 to 12 miles during e~ch flood or ebb tide.

If an oil spill occurs athigh tide with onshore wind conditions, the orientation of Chinitna  Bay i= such that the net surface drift may carry the
spil 1 into the Bay and onto the beaches.

Suspended sediments present in the offshore area of Chinitna  Bay may contribute to the for)>’tion of oil and sediment particles in which oil is absorbed
to the sediment and the mixture sinks into the water column or onto the bottom substrate, thus contaminating it.
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Chart IV . Kami shak Bay

~IRCULAllON

Refer to the discussion of generdl  circulation in Lower Cook Inlet on chart 61 , Lower cook Inlet for infot-mdtion regarding circulation patterns
in Kamishak Bay.

Dames & Moore, 1979

Net currents in Kamishdk Bd.y are generally weak but appear to be relatively stable.

Burbank, 1977

Fishermen, aircraft pilots and others familiar with Lower Cook Inlet all conclude that debris accumulated by the Mid-channel Rip is eventually
carried south into Kamishak Bay where significant amounts of this debris are deposited on Amakdedori  Beach. Barnacle-encrusted and abraded
debris typical of the Mid-channel Rip, however, is also found washed ashore in the Kenai area following strong westerlies, therefore it is reasonable
to assume that this debris n@y be carried ashore elsewhere in Lower Cook Inlet by storm winds from appropriate directions.

As the Mid-channel Rip debris collection and other debris in western Lower Cook Inlet is carried south into Kamishak Bay
debris accumulate offshore in apparent eddies or gyres north and south of Augustine Island.

In addition to the two aforementioned possible gyres in Kamishak Bay, directions of drift-boat set on flood and ebb tide
Kamishak Bay suygest a third (clockwise) gyre in this vicinity, however, supporting data is sketchy. No debris accumula’
offshore in this northernmost area of northern Kamishak Bay.

significant amounts of this

in the northerilmost area of
ions have been reported

The patterns of debris and suspended load distribution suggest a combined process of a weak extension of the frontal zone (Mid-channel Rip) into
Kami shak Bay, accompanied by gyres north and south of Augustine Island. It is emphasized that the three gyres shown in Kamishak Bay are suggested only
through indirect evidence and further study is necessary to substantiate their presence.

*
.t- U.S. Coast Pilot 9, 1977
m

ln t,he north part of Kamishak Bay, the currents follow the coast, flooding northeast and ebbing southwest at
is more noticeable near the shore. With a strong wind, tide rips occur about 2 to 4 miles north of Chinitna

TIDAL RANGE

Specific tidal data for Kamishak Bay is unknown. Refer to Chart I , Tidal Range, Lowr C~d. l~ilet for a
Cook Inlet.

SUSPENDED SEDIMENTS

Burbank, 1974—

a rate of about 1 knot. The current
Point.

general description of tides in Lower

No size distribution data are available for bottom sediments in Kamishak Bay, althouth t!-: o:. C’s ,]~dflats  indicate that a significant amount
of the finer, suspended material carried from Upper Cook Inlet is deposited in Kamishak B:,’ A :., IW and diminished plume of suspended sediments
passes out of Kamishak  Bay and into Shelikof Strait along the western shore.

Feeley & Cline, 1977

On the west side of Cook Inlet, the outflowing turbid water containing particulate matter iging in concentrations from 5 to 200 mg/1 is



-b
e
$-

transported past Augustine Island into Kamishak Bay, where a portion of it settles out. The remaining suspended material is transported around
Cape Douglas into Shelikof Strait and is dispersed.

BATHYMETRY

Muench et al., 19713

Water depths in Kamishak Bay range from 10 to 20 fathoms ( Figure 64 ).

BOTTOM TYPE

Burbank, 1974

No size distribution data are available for bottom sediments in KamiShak  Bay, although the extensive mudflats  indicate that a significant amount
of the finer, suspended material carried from Upper Cook Inlet is deposited in Kamishak Bay. A narrow and diminished plume of suspended
sediments passes out of Kamishak Bay and into Shelikof  Strait along the western shore.

Shaw & Lotspeich,  1977

This study was conducted to determine the anmunts and types of hydrocarbons present in three selected locations in Lower Cook Inlet. The
intertidal region of one of these areas, Douglas Bay, was found to have bottom sediments consisting of fine sand. Sands generally do not retain
hydrocarbons as readily as do silts and clays.

WINDS

Refer to Ch~rt L , Lower Cook Inlet, Winds for a general discussion of wind patterns. Specific data is not available.

VULNERABILITY OF KAMISHAK  BAY TO OIL SPILLS

Dames & Moore, 1979

This oil spill trajectory study showed that the coastline from 11 iamna Bay (the northern Side of Kamishak Bay) to Chinitna Bay was a critical area due
to both the short time that it would take oil to contact the shoreline (primarily 1 to 3 days) and the probability of oil from a spill impacting this
area (1 to 3% and 3-6%) (See Figures 71 and 72 ). Augustine Island, located in Kami<hak  Bay, is also an area of concern but to a lesser degree
than the critical areas.

The model did not show the shoreline areas of Kamishak Bay being greatly impacted by oil apparently because only one oil spill site located in
the central portion of Lower Cook Inlet below Augustine Island was used in the model. If mre than one site would have been considered in this
area, there might have been more impact on Kamishak Bay. Wind from the east could drive a trajectory directly into Kamishak Bay if the spill
site were located in the central portion of Lower Cook Inlet, reasonably close to and sliqi~tly  south of Augustine Island.

ADF&G, 1978b

Drift card and bottle trajectories have shown that Kamishak Bay, especially between Ursus Cove and Amakdedori Beach, and Augustine Island are
particularly susceptible to pollution from most areas in Lower Cook Inlet. Lease tracts “crtheast  of Augustine Island pose the greatest threat to
Kamishak  Bay.



Hayes et al., 1977

The majority of shoreline in the Kamishak Uay region has ~ risk rating of 8-10, which is the highest rating. Coastal areas would be subject to long
term oi 1 damage. The majority of the remaining coastline is rated 2-4, and a few areas are ranked 4-6 and 6-8.
(See Figure 65 and Table 47

Augustine Island is rated a> 2-4.
for explanation of risk ratings.)

The circulation pattern of Lower Cook Inlet is such that oil would probably be selectively transported into the Kamishak Bay area (Figure 75 ).
Northerly and easterly winds would augnent this pattern. The accumulation of tremendous quantities of flotsam in the Kamishak Bay region supports
this assumption.



Chart v. Kennedy Entrance

Circulation

Refer to Chart I , Lower Cook Inlet, Circulation for general description of waters entering Cook Inlet through Kennedy Entrance.

Burbank, 1977

A large proportion of the seawater influx through Kennedy Entrance proceeds northward up the east side of the inlet (Figure 62 ). Some westward
transport may occur immediately after passage through Kennedy Entrance, however, circulation between Augustine and the Barren Islands is poorly
understood, although there is some indication that circulation may be very sluggish in part of this region. Coastal divergency or upwelling  along
the tip of the Kenai Peninsula northwest of the Chugach Islands diverts the inflowing Gulf of Alaska surface water offshore such that outer Kachemak
Bay is largely bypassed. Surface water entering outer Kachemak Bay is comprised primarily of this upwelled water. The upwelled water, together
with relatively fresh surface waters discharged from inner Kachemak Bay, is eventually carried out of Kachemak Bay along the northeast shore and
continues north as far as Cape Starichkof.

Dames & Moore, 1979

The net current field in the Kennedy Entrance area is quite variable.

U.S. Coast Pilot9, 1977

Currents in Kennedy Entrance have a velocity
are estimated at 2-3 knots.

TIDAL RANGE

Refer to Chart I , Lower Cook Inlet, Tidal
‘$
m SUSPENDED SEDIMENTS

Feeley & Cline, 1977

of 2 to 3 knots and generally do not exceed 4 knots. Tidal current velocities in the Barren 1s1 ands

Range, for a general dsicussion  of tidal range.

Gulfof Alaska water, flowing into the east side of Cook Inlet through Kennedy Entrance, $s relatively nonturbid having suspended matter concentrations
ranging between 0.5 and 5.0 mg/1.

BATHYMETRY

Muench et al., 1978

Water depths in the vicinity of Kennedy Entrance range from 50 to 70 fathoms (Figure 64 ~

BOTTOM TYPE

Sharma & Burrel 1, 1970

The portion of the Kennedy Entrance area which is located north of a line drawn between t’?e Chugach Islands and the Barren Islands (Figure 63 )
has bottom sediments composed of sand with variable amounts of gravel and silt-clay.

Shaw & Lotspeich, 1977

Koyuktolik Bay (Dogfish Bay) have bottonl sediments composed of fine sand and silt.

WINDS

Refer to Chart I , Lower Cook Inlet, Winds, for a general discussion of winds in Cook tlet.



VULNERABILIIY OF KENNEDY ENTRANCE T{J OIL SpILLS

Dames & Moore, 1979

The study showed that the coastline from Dangerous Cape to Cape E
nine potential oil spill sites selected for the model. According
a probability ranae of 1 to 3% or 3 to 6% (Fiaure 71 and 7’7
the Chugach islan~s. Trajectories from si~es-7 ana-Eih were sh~wn Lo

izabeth and the shorelines of the Barren Islands were critical areas from the
to

is seen-on the eastern side of the Kenai Peninsula as well as Kodiak

Hayes et al., 1977

the model, both areas would be impacted by the spill within 1 to 3 days, with
Trajectories from site 5, west of the Chugach Islands, were shown to impact
extend into the Gulf of Alaska. Therefore, possibility of exposure to oil spills
Island.

Much of the coastline in the Kennedy Entrance is rated having a 1-2 or 2-4 risk rating (Figure 65 ~nd T~ble 47 ). These areas are generally
low risk areas where oil can be removed by wave erosion. Oi 1 may be retained in these areas where gravel beaches occur, where deposit ional bemls
exist, and where low tide gravel and boulder terraces are found. Burial of oil is possible on beach faces. High risk (8-10) areas are found in
Chugach Bay, Port Chatham and at the head of Koyuktolik (Oog Fish) Bay. Salt marshes and tide flats in these areas are subject to long term oil
spill damage,



-P- VIe Chart .- .
co

C IRCULAT  ION

Refer to Chart I , Lower Look Inlet, Circulation, for discussion of
movement of water in tle Kalgin Island Area.

U.S. Coast Pilot9, 1977

Kalgin Island Area

circulation in Lower Cook Inlet which also includes informationon the

The tidal currents at the entrance to Cook Inlet have an estimated velocity of 2 to 3 knots, and in general increase up the inlet. Very large
velocities have been measured in the vicinities of Harriet Point and the East and West Forelands and the entrances to Knik and Turnagain Arms. The
current velocity was measured by the survey ship McARTHUR at 5 knots near the East and West Forelands, and it is estimated that the velocity of the
current during a large tide is as mch as 8 knots between East and West Forelands and probably more between Harriet Point and the southern end of Kalgin
Island.

The currents on either side of Kalgin Island reach a velocity of 3 to 4 knots at times.

In Tuxedni Channel, the current floods northwest at a velocity of 1.1 knots and ebbs south at a velocity of 1.9 knots.

The currents are very swift at Harriet Point, exceeding 5 knots on large tides. With southern
and Kalgin Island, extending some distance south.

In general, the direction of the current is approximately parallel to the trend of the nearest
edges. Off the various bays a set may be expected, toward the bay on a flood current and from

TIOAL RANGE

U.S. Coast Pilot9, 1977

The diurnal tidal range at Tuxedni Channel is 16.6 feet.

SUSPENDEO  SEDIMENTS

Feeley&Cline, 1977

breezes dangerous tide rips occur between Harriet Point

shore and, when flats are uncovered, parallel to their
the bay on an ebb current.

On the eastern sideof Lower Cook Inlet the inflowing Gulfof Alaska water has suspended matter concentrations ranging between O.5 and 5.Omg/l. On
the western side of the Inlet, the outflowing turbid water, which contains mechanically abraded rock debris from Upper Cook Inlet and has particulate
concentrations ranging from 5.0 to 200 mg/1, is transported past Augustine Island to Kamisne<  Bay, where a portion of the suspended material settles
out. The remaining material is transported around Cape Oouglas into Shelikof Strait and is dispersed.

Burbank, 1974

Clear seawater enters Cook Inlet from the east where it is carried into the Inlet mouth by tbe wes’ ard flowing Alaska Current. Driven by the tidal
flux and Coriolis force, this water works its way UP the lower Inlet along the eastern sho~~. In t-c region of the Forelands, basin geometry jets the
flooding seawater to the west side of the Inlet to produce a net clockwise gyre in the reg-” n bounded by the East, West and North Forelands. This gyre
appears to break down north of the North Forelands into a roughly northeast-southwest pulsa ion.

Fresh water input from the turbid Knik Arm and relatively clear Susitna River waters are p.. tially mixed in the upper Inlet afid c~rried in a general
southwestward direction on the ebb tide. Although the outflow of turbid fresh water must cnrtainly intrude into the region of relatively clear seawater



between the North and West Forelands, the outflow in this area is apparently not
outflow of turbid fresh water on the east side of the upper Inlet.

The region between the Edst and West Forelands  and Kdlgin Island appears to have
tide. It seems to be an area of extreme mixing of outflowing turbid fresh water
Below Kalgin Island the turbid water nmves toward the west side of the Inlet and
Strait. -

BATHYMETRY

Muench et al., 1978

The bathynumtry throu bout the Kalgin Is
tCook Inlet (Figure A ).

BOTTOM TYPE

Shairna & Burrell, 1970

as great as the inflow on the flood tide. This results in a net

a highly variable circulation pattern, depending on the stdtc of the
and intruding clear seawater, with no obvious circulation pattern.
flows out of the Inlet along the western shore and into Shel ikof

and Area varies between 10 and 30 fathoms. Depths increase gradual ly to the south towiird  the mouth of Lower

Bottom sediments in the Kalgin Island are primarily gravel (5o to 100%) with minor anx)unts  of sand (Figure 63 ).

Current velocities at the head of Cook Inlet are sufficient to hold mud in suspension and to carry it toward the Forelands area. In addition,
sediments are transported down the Inlet by ice-rafting during the winter season. With the incoming tide, turbulence and strong currents are generated
by the constriction near the Forelands. The turbulence extends to the bottom, where sediment smaller than gravel is picked up and transported toward
the head of the Inlet. As the distance from the Forelands increases, the energy of the water decreases and sediments are deposited. The grain-size
distribution thus becomes a function of distance from the Forelands, and the ebb tide controls the distribution of sediments south of the Forelands.

WINDS
.c-
s Refer to Chart I , Lower Cook Inlet, Winds, for a general discussion of winds in Cook Inlet.
w

VULNERABILITY OF KALGIN ISLAND AREA TO OIL SPILLS

Dames & Moore, 1979

The only coastal areas in the Kalgin Island area that were of concern because of impact from oil spills from the nine hypothetical spill sites in this
model were Harriet Point and Anchor Point. Harriet Point would be impacted by a spill within three days and Anchor Point would be impacted within one
day (see Figure 71 ). The model shows that the eastern shoreline north of Anchor Point is free of potential oil impact. This results from the
selection of potential oil spill locations, all south of Anchor Point. The meteorologic ~nd oceanographic input field used in the model do not provide
a driving force that would create an impact on this area. The wind patterns, except for one, were sither directed parallel to or away from the eastern
coastal area north of Anchor Point. Winds from the northwest could create an impact if a spill site ‘was located above Anchor Point.

Hayes et al., 1977

This study did not include risk ratings for the entire coastline that is described in OCSUAP*S Kd,Ji,I Island Area. OCSEAP’S  Kalgin Are. extends
north to the Forelands whereas Hayes studies extend north to Kal ifonsky on the eastern side G i’ tl, ~ !I.’et and north to Harriet Point on the western side
of the Inlet. Most of the shoreline in the area described by Hayes et al. has a risk ratinq of 2-. although all of Tuxedni Bay has a risk rating of
8-10 (Figure 65 and Table 47 ). Areas with risk ratings of 8-10, especially salt ma~,!l areas, are subject to long term oil spill damage.

ADF&G, 1978b

Bottle trajectory studies off of Anchor Point showed a much greater northward transp~rt  t< ~, had been previously observed, indicating that spills



in southeastern Lr)wer  Cook Inlet would be a significant threat to fish and wildlife resources in northeastern areas of Lower Cook Inlet, particularly
the Kendi/Nikiski  and K~lgin Island areas.



Chart VII. Shelikof  Strait_

CIRCULATION

fjOAA, 1979

The Alaska Stream divides northeast of Kodiak. Water is
along the Kodiak Shel f break. Much of the water flowing
and enters Low@r Cook Inlet. The offshore flow of water

transported northwest into the Arnatuli
into the Amatul i Trough flows directly

Trough while the main part of the stream continues
into Shelikof  Strait while the rest turns northward

is dominated bv the A~aska Stream. whereas the flow in onshore reaions is dominated bv
tidal currents. The shel f break is considered the dividing 1 ine betweei the two systems. “

.

ADF&G, 1978~

Circulation in Shelikof Strait is less well known than in Lower Cook Inlet. Figure Bfl shows that the major portion of Alaska Current waters
which enter Kennedy and Stevenson Entrances are primarily diverted directly into Shelfkof  Strait, where net transport is in a southwestward direction.
The turbid and relatively low salinity water flowing out of western Cook Inlet around Cape Douglas is apparent throughout Shelikof  Strait on the
Alaska Peninsula side. The boundary between this turbid water and the clear seawater on the Kodiak side is a continuation of the same frontal zone
which characterizes the Mid-channel Rip in Lower Cook Inlet. As this turbid water moves southwestward through the Strait, it experiences eastward
dispersion or transport to the Kodiak Island side.

+
There is evidence for the existence of a clockwise (anticyclonic) qyre in the Strait near Kdt.mai Bay, and a co!]nterclockwise  (cyclonic) circulation
southwest of Kodiak Island. Complex and variable eddies may be found in the western Strait near Wide Bay.

A large proportion of the waters leaving Shelikof  Strait continues westward along the southern Alaska Peninsula, probably at least as far west as
Unimak Pass.

CURRENTS——

NOAA, 1979

Current velocity data shows that there is a general southwestward flow of surface waters at a speed of approximately 0.3 to 0.8 knots (15 to 40 cm/see)
in central and eastern Shelikof Strait. Flow in western Shelikof Strait appears to be somewhat less than in the eastern strait and the flow direction
may be reversed with gyres or eddies.

AOF&G, 1978a

Current velocity data for Shelikof Strait is limited. U.S. Coast Pilot 9 indicates tidal cur)ent~ of 1 knot (50 cm/see) have been recorded on the
Alaska Peninsula side, whereas tidal current velocities appear to be less along the west coa$t of Afugnak Island. NOAA current meter measurements a
few miles east of Cape Douglas showed a mean southward current velocity of approximately 1 knot !’;2 cm/see). Preliminary circulation modeling by NOAA
indicates a aeneral southwestward surface flow of rouahlv 0.3 - 0.8 kts (15-40 cm/see) in centr.(’l .i:;d eastern Shelikof Strait. Flow in the western
Strait is so~ewhat less than in the eastern Strait, aid _the flow direction may be reverse( wiih  n eck~?s or gyres.

SUSPENDED SEDIMENTS

ADF&G, 1978a

The ma.ior ~ortion  of Alaska Current waters which enter Kennedy and Stevenson Entrances arc d’.’erted  rather directly
transp;rt  is in a southwestward direction. The turbid and relatively low salinity water fi

nto Shelikof Strait, where net
uing out of western Cook Inlet around Cape Douglas is

apparent throughout Shelikof Strait on the Alaska Peninsula side. The boundary between ti turbid water and the clear seawater on the Kodiak side is
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a continuation of the same frontal zone which characterizes the Mid-channel Rip in Lower Cook Inlet. As this turbid water moves southwestward through
the Sti.sit, it experiences eastward dispersion or transport to the Kodiak Island side.

There is evidence for the existence of a clockwise (anticyclonic)  gyre in the Strait near Katmai Bay, and a counterclockwise (cyclonic)  circulation
southwest of Kodiak Island. Complex and variable eddies may be found in the western Strait near Wide ‘ay: circulation in this area is indicated by
broken arrows in Figure so .

A large proportion of the waters leaving Shelikof  Strait continues westward along the southern Alaska Peninsula, probably at least as far west as
Unimak Pass.

ERTS satellite imagery (Burbank, 1974) shows a distinct widening of the surface suspended sediment plume (originating in Cook Inlet) as the Cook Inlet
water is carried southwestward through Shelikof  Strait. In Figure /31 , which is a schematic rendition of an original ERTS image, the surface
suspended sediment plume has dispersed completely across the Strait at the southwestern entrance to the Strait. After passing outof Shelikof Strait,
the suspended sediments rapidly diffuse and settle out. Shelikof  Strait provides a channel to the sea for all sediments discharged from Cook Inlet.

Other ERTS imagery shows characteristic bulges along the eastern boundary of the plume. These may be the result of eddy circulation, strong local
winds such as williwaws, or transient reversals in the southwestward flow caused by the flood tides. U.S. Coast Pilot 9 indicates the flood tide sets
into the Strait from both ends.

Feeley& Cline, 1977

The distribution patterns of particulate material in Lower Cook Inlet and Shelikof  Strait show a direct relationship to water circulation. The
inflowing relatively nonturbid Gulf of Alaska water moves along the eastern coastline until it reaches Kalgin Island where it mixes with the highly
turbid brackish water from Upper Cook Inlet. Under the influence of tidal currents and coriolis  forces the turbid water moves southwest along the
western coast into Shelikof Strait where the particulate matter disperses and settles to the bottom. This counterclockwise circulation pattern gives
rise to extremely large horizontal gradients in suspended matter. However, tidal mixing is extensive and rapid; and, therefore, no vertical suspended
matter gradients are observed during the winter months in the central regions of Lower Cook Inlet.

BATHYMETRY

Muench et al., 1978

Water depths in Stevenson Entrance reach 100 fathoms. Depths increase southward reaching a::.roximately 150 fathoms near the southern entrance of
Shelikor Strait (Figure 64 ).
BOTTOM TYPE

Burbank, 1974

The bottom sediments in Shelikof  Strait are generally characterizedby  mud, grading from sandy n@with pebbles near the Cook Inlet end to sandy gray
mud near the center, and finally to very soft gray mud at the southwest end of the strait. hu-1 also fills the channel which incises the shelf from
Shelikof  Strait south to the continental shelf break.

WINDS

ADF&G, 197Ba

Wind has a profound effect on the
regime. Winds in Shelikof Strait

circulation, particularly the near-surface circulation, ~nd greatly compounds the variabil  ity of the circulation
generally blow either up (Southwest to northeast) or dew- the Strait. Gales are a frequent occurrence in the Strait,



and usucIlly continue without intermission for 1 to 3 days. Southwest and westerly winds are noted for their great force, where as northwest gales in
the spring are dS50Clated  with freezing weather and icing. Gale force westerly winds are frequently encountered durinq the fall ~nd winter. and blow
directly into major bays such as Uydk and Ugdnik Bays. Al though no exact figures are available, thk large number of fishing
especially during fall and winter, d~~f?StS  to the high frequency of adverse weather and seas. in Shelikot Strait.

Weather conditions in the Strait can vary widely from one location to another at any one time. I)ata on the frequencv  of the
Shelikof  Strait is not yet available and, as in-Lower Cook
surface circulation.

VULNERABILIIY  OF SHELIKOF STRAIT TO OIL SPILLS

Dames & Moore, 1979

Inlet, there is inadequate information to comprehensively-predict

The model from this studv shows that Shuqak Island. at the
of oil spills, both in t~rms of time to impact (1 ~ay) and
7 dnd 8A (see figuresT1-Tz)suggest  the possibility of exposure of Kodiak Isiand to-oil spills.

northern end of Afognak
probability of exposure

Island, in the Shelikof  Strait area is an
(primarily 3 to 6%), is a critical area.

days lost to foul weather,

wind direction and speed in
the effects of winds on the

area where the impacts
Spills from sites

Recoveries of drift cards and bottle samDles from the Kodiak ArchiDe]aao verifv that the western shores of Shuvak.  Afoanak and Kadiak Islands are
highly susceptible to pollution. Of par~icular  note are the many ~eco~eries will inside of

NOAA, 1979

Oil and other contaminants entering Kodiak waters are likely to be trapped and concentrated
offshore islands.

Hayes & Ruby , 1979

The only studies in Shel kof Strait have been done on Kodiak, Afognak and the Trinity Islands.

the various inlets: c~ves ~nd passages.

in the numerous bays and estuaries along the coast and

In general, the area is quite high risk. More than 78.9% of the shoreline falls in classes 6 - 10 (77.1% in classes 6 - 8) (See Table50 ).
These classes will have a s~ill lon~evity of a year or two to nmre than 10 years. Oil Spill vulnerability on a scale of 1-10 is based p=ily on
the expected longevity of oil in th; sed~ments  of each environment if no clean-up procedures are initiated. The remaining 21% of the shorelines
fall into classes 1 and 2 which are considerably lower risk areas where spilled oil would generally be expected to be cleaned by natural
processes within a tew weeks. Unfortunately, the Kodiak shoreline is very complex and the hight?r risk areas do not lend themselves well to being
protected durin a spill.

7
In many instances, a low risk area lies just seaward of a large embym.cnt  with high risk pure gravel beaches. The

indented (fjord character of the islands will act as “oil traps” for floating oil. Oi 1 wi 11 tend lo be nwed deeper into the fjords rather than
to be flushed out. Additionally, long periods of relatively low wind and wave energy, especially Juring the summer, could prove particularly
devastating since many of the areas classed 1 and 2would  became 7 and 8.
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Table 50. Scale

oil Spl]l  VUlnerdbllty  SCa]e

1

2

3

4

of environmental susceptibility to oil spill impact duration from Hayes et al. (197?) .

Dfscussiun Longevity of Spilled Oil

Straight rocky headlands: Most areas of this type are exposed Oi 1 that goes ashore could be expected to be
to maximum wave energy. Waves reflect off of the rocky scorps dispersed within a few weeks.
with great f’orce,  readily dispersing the oil. In fact, waves
reflecting off the scarps at high tide tend to generate a
surf icial return flow that keeps the oil off the rocks. Even
if oiled, natural cleaning will only require a few days or
weeks. No human intervention is necessary. There may be some
problems in areas of gravel accumulation and in tidal pools.
Pocket beaches may be particularly hard hit. Approximately
10X of eastern coastline of Shelikof  Strait is of this type.

Eroding wave-cut platforms: These areas are also swept clean These areas would probably be free of oi 1
by wave action. The rate of removal of the oil is a function within 6 months.
of wave climate and the irregularity of the platform, but
is generally under a year. Some problems in areas of gravel
accumulation and in tidal pools. Pocket beaches may be
particularly hard hit. In general, no clean-up measures are
needed for this type of coast. However, there are large
biologic populations in these areas. Most of these areas,
10.7% of the eastern coastline of Shelikof  Strait, occur in
highly exposed areas.

Flat, fine- grained  sandy beaches: Beaches of this type are Same as above.
general ly fl at and hard packed. Oil that is emplaced on such
beaches wi 11 not penetrate nnre than a few centimeters at !sws.t.
Usually the oil will be deposited on the surface of the sand
where it can be removed by elevated scrapers or other r~mf
grading machinery. Furthermore, these types of beaches
change slowly, so sand deposition and resultant burial d~
oil will take place at a slow rate. There are no beaches of
this type along the eastern shoreline of Shelikof Strait..

Steeper, medi urn to coarse-grai ned sandy beaches: On ttese Possible pollution of up to one year.
beaches, the depth of penetration would be greater than
for the f ine-grained beaches (though sti 1 ? only a few
centimeters), but rates of burial of the oil would be g??atly
increased (as much as 50-100 cm within a period of a few
days on beaches of this class). In this situation, removii
of the oil becomes a serious problem, since removal of t+e
oiled sediments will often result in large scale erosioct as
the beach changes into a new equilibrium state. Addit~~:ally
burial of the oil preserves it for release at a later
date when the beach erodes as part of the natural beac~,



cycle, thus causing longer term pollution of the environment.
There are no beaches of this type along the eastern coastline
of Shelikof Strait.

Impermeable exposed tidal flats: Penetration of the oil on
t h e s e  b e a c h e s  IS p r e v e n t e d by the extremely  f ine  sediment
s i z e ,  s a t u r a t e d  w i t h  w a t e r . Therefore, if an oiled tidal
flat is subject to winds and currents, the oil will tend to
be removed, although not at the rapid rate encountered on
exposed beaches. These are often areas of high biologic
importance. There are no beaches of this type along the
eastern shoreline of Shelikof  Strait.

Mixed sand and gravel beaches: Sand and gravel beaches
represent a large percent, 1.7) of the shoreline tend
to be relatively high risk beaches. They occur where till
or glacial deposits are being reworked by marine processes
and as pocket beaches between headlands, These beaches
permit rather deep burial of oil and can retain oil for about
2years, especially if it is emplaced high on the beach
face (as during a spring tide). Mechanized clean up
can be very difficult due to low bearing strength of the
sediments. Removal of sediments may accelerate erosion.
Natural cleaning may require many years.

Gravel beaches: Pure gravel beaches will permit immediate
deep burial of oil. Retention periods, espcially  in a 10WCY
wave energy area can be many years. Mechanized clean up will
be impossible without removal of sediment and increased
erosion. Natural cleaning will be quite slow for this type
of beach; the exact time ~equired will depend on the intensity
of the marine processes. Pure gravel beaches are quite
conmm along the eastern shoreline of Shelikof Strait and
represent 17.2% of the shoreline. They ’occur mostly as pocket
beaches and fronting rock scarps. In some cases they can
be quite long.

Same as above.

Oil could remain in place for several years.

Same as above.

Sheltered rocky headlands: Sheltered rock headlands and their Long-term pollution of 10 years or longer can
accociated gravel pocket beaches will be highly damaged in be expected in these areas.
the event of a spill. In the absence of abrasion by wave
action, oil could remain on c’uch areas for years, witi’ onl$
chemical and biological processes left to degrade it. Th~ .
beaches occur primarily in fjords on Kodiak Island ac.~ on
Afognak Island. These beaches represent the largest f,ingte
type of beach (42.2%) of the coastline of eastern ShelikoF
Strait. These areas should receive first protection Qpi/~”itY
in the event of a spill. All possible means should b. 11-.zd
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to prevent oil from entering these areas (booms, skimmers, etc).
Once these beaches are oiled, expect severe biological damage,
deep penetration, difficult clean up and longevity up to S
y e a r s .

Protected estuarine  tidal flats: If oil reaches a quiet, Same as above.
protected estuarine tidal flat, it will remain there for long
periods because natural cleaning progresses at an extremely
slow rate. Because of the low intensity of marine process
parameters, removal of the oil will have to be accomplished
by natural chemical and biogenic processes. This will take
many years, dependent on the amount of oil deposited. Because
of their high biologic populations, these environments are
very sensitive to the toxic effects of oil. These areas
are rare (1.1%) along the eastern coastline of Shelikof
Strait occuring only at fjord heads and at river mouth
estuaries.

Protected estuarine salt marshes: In sheltered estuar~;leo’~l Same as above.
from a spill may have long-term deleterious effects.
areas are extremely important biologically, supporting large
communities of organisms and are generally associated with
the protected tidal flats (#9). They are also rare, representing
only 0.7% of the eastern coastline of Shelikof  Strait.



T a b l e  5 1 A c u t e / t o x i c ,  p h y s i o l o g i c a l  a n d  b e h a v i o r a l  e f f e c t s  o f  p e t r o l e u m  h y d r o c a r b o n s  o n  fish rw.ources.

S p e c i e s R e f e r e n c e lype  o f  E x p e r i m e n t P e t r o l e u m  P r o d u c t C o n c e n t r a t i o n E f f e c t  a n d  E v a l u a t i o n——_—.———

CRAB

A c u t e / T o x i c  E f f e c t s

Tanner Crab Karinen and
(Chionoecetes

Bioassay 48 hr TLM Prudhoe  B a y  c r u d e  oi 1
R i c e ,  1 9 7 4

. 0 5 6 - 1  .00mg  o i l /
l i t e r  o f  s e a w a t e r

balrdl )
jiX&ifl_es

K i n g  C;ab
( Paral i thodes
camtschatlca)

l a r v a e

Mecklenburg B i o a s s a y
e t  a l . ,  1976 9 6 - 1 2 0  h r  L C 5 0

.c- Dungeness Crab Caldwell et al. , Bioassay
~ (Cancer 1976

magister)

A d u l t  a n d  l a r v a e R i c e  e t  a l . , Bioassays
K i n g  C r a b 1976b
(f’aralithodes
camtschatlca)

and Dungeness  Crab
(Cancer magister)

Cook Inlet crude .93-4.75 ppm total
water soluble hydrocarbons
fraction

Cook Inlet crude
w a t e r  s o l u b l e  f r a c t i o n
a n d  s e a w a t e r  s o l u t i o n s
o f  b e n z e n e  o r  naphthalene

C o o k  I n l e t  c r u d e  o i l w a t e r  s o l u b l e
N o .  2  f u e l  o i l , f r a c t i o n s  o f  o i l s
P r u d h o e  B a y  c r u d e m e a s u r e d  a s  p p m  o f
Oi  1 o i l  b y  IR rethod

Median tolerance limits for 48 hr. TLM for
both premolt and postmolt tanner crabs was
estimated to be .56 mg oil/liter.

Molting success of premlt crabs after expo-
sure to .32 ml oil/liter was significantly
lower than the multing success of control
crabs. Failure to molt usually resulted in
death.

Molting success in King crab larvae was
reduced to almost zero by exposure to 1.2 ppm
WSF for 48 hours. Failure to molt usually
results in death. 50 percent of the larvae
tested died within 96 and 120 hrs after being
exposed to 1.37 ppm and .93 ppmof Cook Inlet
crude respectively.

Toxic effects were observed at levels as low
as .0049 mg/1 (as naphthalene) for the crude
oil , and .13 mg/1 and 1.1 mg/1 for the benzene
and naphthalene, respectively.

96 hr TLM’s for adult King Crab were 2.35 ppm
and 4.21 ppm for Prudhoe Bay and Cook Inlet
crude oil respectively. 96 hr TLM for No. 2
fuel oil was 5.10 ppm.

Tanner Crab larvae were killed by 8 ppmof oil
after 96 hrs of exposure. Exposure to WSF of
Cook Inlet crude oil at low levels (.9 ppm -
3 ppm) caused moribundity in Tanner and
Dungeness Crab larvae. Moribundity would
usually last for several days before animal
would die.

Toxicity of hydrocarbons is greater during
molting. Crab larvae molt more frequently
than adults and are, therefore, more sensitive
to hydrocarbon pollution.

ppm = parts p~r million
P@ = Parts per billion
LC50 = concentration required to ki 11 50% of the test animals
TLM = median tOleranCe  limit - the concentration required to

kill 50%of the test animals within certain time limits
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PHYSIOLOGICAL EFFECTS

Tanner Crab Karinen and Bioassay 48 hr TLM Prudhoe Bay crude
(Chionoecetes Rice, 1974
balrdl )

King Crab Smith and Bioassay
(Paral i thodes Bennett, 1976
~

King Crab Rice et al., Bioassay
(Paral i thodes 1976b

z camtschatlca)
o and Tanner Crab

(Chionoecetes
balrdl)

King Crab Rice and Bioassay
(Paral i thodes Karinen, 1976
camtschatica]

and Tanner Crab
(Chionoecetes
balrdl )

Cook Inlet crude

Cook Inlet crude

Crok Inlet crude
oi 1

Concentrate ion

.32-.56 ml oill
liter of seawater

low concentration
of the WSF of Cook
Inlet crude oil

less than 4.21 ppm
wSF

Watej- :,CTL,$l.
fractions

Effect and Evaluation—  ——

Postmolt crabs lost a substantial number of
legs due to exposure to oil levels as low as
.32 ml oil/liter. Some larvae failed to molt
but survived. Brief exposure of premolt
tanner crab 1 to 4 weeks before molting
probably has a detrimental effect on molting.

Crab gills after 6 day exposure to the water
soluble fraction of Cook Inlet crude oil
showed: (1) extensive vacuoloation, (2)
nucleus change, (3) cytoplasm modifications,
(4) fewer mitochondria and blabbing, (5)
swollen rough endoplasmic  reticulum cisternae
and (6) distorted interdigitations along
later and basal cell surfaces. Vacuolation
was also present in blood cell cytoplasm, and
the perinuclear  space was enlarged. Some of
these changes Indicate morphologic damage
related to the altered metabolic response to
sublethal crude oil exposure.

Exposure of juvenile and adult King Crab to
the water soluble fractions of Cook Inlet
crude resulted in significant decrease in
their respiration rate. Specimens recovered
after removal to clean water.

When placed in water containing the WSF of
Cook Inlet crude oil, King Crab larvae accumu-
lated significant quantities of aromatic
hydrocarbons. Biomagnification of some
compounds up to 1,260 times ambient levels
occurred. Crabs depurated within 96 hrs after
removal to clean water.

Spawning female King and Tanner Crab were
exposed to the water soluble fractions of Cook
Inlet crude oil. Preliminary findings
indicate that the oil had little effect on the
water hardening of the eggs or the attachment
of the eggs to the pleopodal setae; however,
development may be affected.
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Behavioral Effects

i)ungeness  crab Rice et al. , Bioassay
(Cancer magister) 1976

SHRIMP

Acute/toxic Effects

Coons tripe Shrimp Rice et al., Bioassay
(Pandalus 1976b

I-l-Limp
(Pandalus

PKi;nd
(Pandalus
~)

Coonstripe  Shrimp Vanderhorst Flow through
(Pandalus et al., 1976 bioassay
~psinotus)

Coonstripe shrimp Mecklenberg Bioassay
(Pandalus et al., 1976 6-144 hr
-us )

Cook Inlet crude oil oil slick Dungeness  c r a b  l a r v a e  d o  n o t  a p p e a r  t o  a v o i d
o i l  s l i c k s  a n d  w o u l d  r e p e a t e d l y  s w i m  u p  i n t o
i t . O b s e r v a t i o n s  o f  l a r v a e  s t r o n g l y  s u g g e s t
t h a t  l a r v a e  a r e  o b l i v i o u s  t o  t h e  p r e s e n c e  o f
oil  u n t i l  a f f e c t e d  p h y s i o l o g i c a l l y  b y  t o x i c
c o n c e n t r a t i o n s ,  i . e . ,  u n a b l e  t o  s w i m .

Prudhoe Bay crude, water soluble 96 hr TLM’s of 3 species of shrimp to the
Cook Inlet crude fraction WSF’S of Cook Inlet crude and No. Z fuel oil
and No. 2 fuel oil (ppm of oil).

Cook Inlet No. 2 Fuel

= Shrimp
Crude Oil

.
Coons tripe Shrimp 2:72
Pink Shrimp 2.43
The 96 hr TLM for humpback shrimp exposed to
the WSF’S of Prudhoe  Bdy crude oil was 1.26
ppm. 2.4-1.87 ppm of the WSF of crude oil
would induce moribundity in Coonstri pe Shrimp
larvae. Moribund larvae showed some motion
but were unable to move and were destined for
death. Shrimp larvae are more sensitive to
the WSF of hydrocarbons than adults. This may
be due to the frequency of molting.

water soluble Shrimp LC50 were .Bmg/liter as compared to
fraction values from 1.5 to 50 mg/1 iter reported for

static bioassays.

No. 2 fuel oil

WSF Cook Inlet
crude oil

0.25-7.94 ppm Molting coonstripe shrimp larvae were 4 to
8 times rmre sensitive to the WSF of Cook
Inlet crude than i ntermol t stage I and II.
1.15 and 1.37 ppm of total hydrocarbon
severel inhibited molting (10% molting
success ! in exposures of 24 hr or longer.
Concentrations of 0.25 ppm for 96 hrs produced
little or no effect on molting but many larvae
died within 48 hrs after removal to clean
water. The 96 hr LC50 (cone. producing 50%
mortality) for coonstripe shrimp molting
larvae ‘was 0.96 ppm but dropped to 0.24 ppm
48 hrs after removal to uncontaminated water,
suggesting that the stand~rd 96 hr bioassay
is not long enough to determine t~e sensiti-
vities of shrimp larviw to oils.
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Physiological Effects

Pink Shrimp
(Pandalus
~)

SALFM3NI DS

Acute/Toxic Effects

Pink Salmon fry
(Onchorh nchus
*

.Juveni  le Coho

E ‘-
S-Salmon
(OnchQrh nchus
*

Eggs, Alevins, and
fry of Pink Salmon
(Onchorh nchus
e

Rice et al.,
1976b

Rice, 1973

Morrow, 1973

Rice et al.,
1975a

Bioassays

bioassay-acute
toxicity effects

96 hr bioassay

96 hr bioassay

Cook Inlet crude oil water soluble
fraction of Cook
Inlet crude oil

Prudhoe Bay crude .75m9-497 mg oil/
oil - water soluble liter of seawater
fraction

Prudhoe Bay crude oil 500 ppm - 3500 ppm
- water soluble in seawater
fraction

Prudhoe Bay crude oi 1 .075 nl - 4 ml
(mechanical mixtures ;~~/~~~j:tO~  fresh
of oil and water)

Pink Salmon fry Rice et al., 96 hr bioassay Cook Inlet crude, No.
(Onchorh nchus
*

1976b 2 fuel, and Prudhoe .
Bay crude (oil-water
dispersions, and water
soluble fraction)

Pink shrimp accumulate naphthalenes  from the
water soluble fraction in the seawater.
Accumulations in tissue are up to 260 times
background levels. Deputation in shrimp
after return to clean water is slow and may
take several weeks.

Observed 96 hr TLM levels for Pink Salmon
fry were 213 mg oil/liter in June, and 110
mg/liter in August. Fish showed dramatic
seasonal differences in sensitivity to oil
pollution. Older fry were more susceptible
to oil toxicity than younger fry and were
more sensitive in their detection and
avoidance of oil. Older fry in seawater
avoided oil cone. as low as 1.6 mg of oil/
liter of water.

500 ppm - 3500 ppm produced up to 100%
mortalities in juvenile Coho and Sockeye
Salmon. Stress behavior began within 45
minutes of formation of oil S1 ick. Mortal-
ity rates were directly related to oi 1
concentration and inversely related to
temperature.

Standard 96 hr bioassays with “total” oil
solutions in freshwater and seawater deter-
mined differences in developing life stages
of Pink Salmon (Onchorhynchus  orbuscha ).

*ntEggs were the most resistant an
fry (yolk sac absorbed) the nmt sensitive
to acute 4-day exposur;s. In fresh water,
the 96 hr TLM of fry was 12 ppm. In sea-
water it was 6 ppm.

Acute toxicity of the water soluble fractions
of Prudhoe Bay and Cook Inlet crude oil to
Pink Salmon fry was 1.41 ppm and 2.92 ppm
respectively. The 96 hr TLM for No. 2 fuel
oil was 0.81 ppm.
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Ool ly Varden smelt Rice et al., static Liods.say
(Salvel inus malma) 1976a

Cook Inlet crude and
and No. 2 Fuel Oil

Physiological Effects

Rainbow Trout t{awkes, 1976 bioassay
(Salmo gairdnerii )

Coho Salmon
(Onchorh nchus
e

Roubal et al., bioassay
1976

Alevins  and fry of Rice et al., 96 hr bioassay
~ Pink Salnon 1975a
w (Onchorh nchus
b

Pink Salmon frv
(Onchorh nchus-
*

King Salmon fry
(Onchorh nchus
&

Rice et al., bioassay - uptake
1976b and deputation

Brockson  and bioassay -
Bailey, 1973 respiratory

effects

Prudhoe Bay crude
oi 1

water soluble
fractions of
aromatic hydrocarbons

Prudhoe Bay crude
oil (mechanical
mixture of oil and
water

Cook Inlet crude
oil - water soluble

benzene fraction

water soluble 96 hr TLM’s for Ool ly Varden were 2.28 and
fractions of oils 2.93 ppm for Cook Inlet crude and Lo. 2 Fuel
measures as ppm by oil respectively.
IR method

sublethal concen- Rainbow trout which were exposed to water
trations in ppm soluble fractions of Prudhoe B~y crude oil
range showed the following effects: (a) skin mucous

release and erosion of upper dermal  layers,
(b) gill mucous release, lesions, cellular and
subcellular damage, (c) liver damage, (d)
increase in lens thickness causing mycopid.
These debilitating factors increase the
chances for infection, predation and disease
and decrease the fishes’ chance for survival .

Significant levels of metabolizes were found
in the brain, kidney, muscle and gall bladder
of Coho Salmon which had been exposed to
benzene, n~phthalene and antracene. Indicates
areas of detoxification, and possible sources
of secondary infections, contaminants, etc.

.075 ml - 4 ml oil/ Three life stages of alevins were exposed to
liter of fresh and 10 day sublethal exposures of the water
seawater soluble fraction of Prudhoe Bay crude oil.

Growth was most  severe ly  a f fected  in  alevins
e x p o s e d  during  l a t e r  d e v e l o p m e n t a l  s t a g e s .
Oecreased growth was observed in fry after
10-day exposures at the lowest dose tested
(.075 ml oil/liter). Reduction in size from
exposure could have a detrimental effect on
the survival of wild fry.

Pink Salmon fry which were exposed to the
water soluble fractions of Cook Inlet oil
accumulated naphthalenes in the gill, gut and
muscle tissue. Investigators feel gill tissue
is probable route of entry. Pink salmon are
able to concentrate naphthalenes  up to 480
times background levels. Pink Salmon fry are
able to actively depurate naphtha lenes.

5-10 pprn benzene Respiratory rate was increased during the
early (24-48 hr) period of exposure to both 4
and 10 pm of benzene. After longer periods,
respiration decre~ses back to near control
levels.
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Pink Salmon fry
(Onchorh  nchus
*

Pink Salmon fry
(Onchor  nchus
&

Pink Salmon Fry

Coho Salmon
(Onchorh  nchus
~

Rainbow Trout
(Salmo gairdnerii  )

Rice and
Karinen,  1976

Thomas and Rice,
1975

Rice et al.,
1977

Malins et al.,
J9J7

Krishnaswami  &
Kupchanko

bioassay

toxicity -
respiratory effects

toxicity effects

spill

static bioassay and
field observation

Coho Salmon Roubal et al., flow through
(Onchor ncus kisutch) 1978
-————+——

bioassay
Starry F ounder
(Platichth s
+

Cook Inlet crude oil

Prudhoe Bay crude

WSF Cook Inlet and
Prudhoe Bay crude
and No. 2 fuel oil

diesel fuel

petroleum refinery
effluent

2.83 and 3.46 ppm

sublethal

unknown

sublethal

WSF Prudhoe 8ay Crude 0.9 * ‘3.1 ppmWSF
Prudfio:  Bay Crude

Respiratory rates in Pink Salmon fry increased
significantly during exposures to water
soluble fractions of Cook Inlet crude oi 1 as
low as 30 percent of 96 hr TLM value.

Opercular rates increased significantly for
as long as 9 to 12 hrs after exposure to sub-
lethal  concentrations of the water-soluble
fractions of Prudhoe Bay crude oi 1. Observed
changes occurred at approximately 20% of the
96 hr LC50.

Breathing and coughing rates increased in
proportion to oil concentrations. Significant
responses were detected at about 30% of the 96
hr TLM. Breathing and coughing rates remained
above normal during exposure for 72 hrs.
Increased oxygen consumption was observed in
fish exposed to oil concentrations that were
50% of a 96 hr TLM.

Spi 11 of diesel fuel blinded Coho Salmon
located in rearing pens adjacent to spill.
Changes in the eyes included hydration and
cloudiness,

Rainbow Trout exposed 24 hrs to refinery waste
dilutions with threshhold odor number of .25
acquired an oily taste. Fish (trout) kept in
cages in the river 15 mi (24 km) below
refinery wastewater discharge point acqui  red
an oily taste with river water odor levels of
at least 1.0.

Coho salmon and starry flounder exposed to 0.9
ppm of a WSF of Prudhoe Bay crude oil, biocon-
centrated low molecular weight aromatic hydro-
carbons up to 1700 times the concentration in
the water. General ly, starry flounder
accumulated the greatest amounts. Alkylated
aromatic hydrocarbons accumulated in tissues
to a greater degree than unsubstituted
derivatives, and accumulations of substituted
benzenes and naphthalenes in muscles increased
in relation to the degree of alkylation.
Complex mixtures of aromatic hydrocarbons were
found in gills and liver of starry flounder.
Accumulated hydrocarbons were retained in
starry flounder muscle for a longer period
than in coho salmon tissue after removal to
clean water than in coho salmon n,uscle.
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Behavioral Effects

Pink Salmon Rice, 1973 bioassay Prudhoe Bay crude .75mg - 16.Omg
(Onchorh  nchus
*

avoidance tests oil - water soluble oil/liter. Used
fraction water soluble

fraction only

Juvenile Coho
(Onchorh  nchus
~
S=Salmon
(Onchorh  nchus
.~

Morrow, 1973 96 hr bioassay

P
Rainbow TroutE Sprague and bioassay
(Salmo airdnerii)
+ ‘rury’ ’9 6’A~lc a mon

(Salmo salar).—

Atlantic Salmon Rice, 1973 avoidance
(Salmo salar)——

OTHER FISH

Acute/Toxic Effects

Cod (Gadus sp.) Kuhnhold, 1972 bioassay

Herring Larvae Rice et al., bioassay

‘~~~~~~arengus  197ti
(96 hr TLM)

Prudhoe Bay crude
(surface oil slick
in aerated tank)

phenol

copper and zinc
pollution

.001 ppm - 10 ppm

sublethal

Venezuelan and .5 gm 7il/liter  of
Libyan crude oil water

Cook Inlet crude watt ;oluble
fra. .on

P i n k  salmon  f r y  s h o w e d  c l e a r  a v o i d a n c e
r e s p o n s e s  t o  oi 1  c o n c e n t r a t i o n  o f  1 6 . 0  a n d  1 . 6
mg oil/liter in June and August respectively.
Avoidance in Atlantic salmon is well docu-
mented. Avoidance could have an adverse
impact on salmon populations by changing
migration during critical periods such as fry
outmigration or return of adults to spawning
streams.

Change was observed in behavior of salmon
under oil film. Within 2 to 4 hrs, the fry
took up a position at the water oil interface,
with their dorsal and caudal fins touching the
oil. After 12 to 24 hrs exposure the less
resistant individuals lost equilibrium and
began swimning  vertically. Most animals died
shortly after becoming vertical. Animals
exposed to crude oi 1 showed abnormal values
for blood pH, K+, and Cl-. In conjunction
with observed behavioral abnormal i ties, this
suggests very strongly that the chemical C02
and H2C03- balance had been upset.

Avoidance reactions were inconsistent event at
lethal levels. Fish showed no signs of detec-
tion even though the phenol was lethal to
them.

Although highly mtivated by their instinct to
migrate upstream when Atlantic salmon reached

a sublethal cone. of copper and zinc pollution
in the Miramichi River, they aborted their
upstream migr~ t. ion and returned downstream.

100% mortality of eggs in 3 end 6 days with
Venezuelan and Libyan crude respectively.
Controls developed normal ly. Larvae which
hatch from eggs which have been exposed to oil
are usually deformed.

3 ppmof the water soluble fraction of Cook
Inlet crude oil was sufficient to kill herring
larvae within 96 hrs.
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Herring
(Clupea harengus)
Lemon sole

Wilson, 1976

Zitko and
Tibbo, 1971

Rice et al.,
1976a

Rice et al.,

1O(I hr bioassay oil dispersants,
Atlas, Basol AD6,
BPIO02, Corexit 7664,
D-tar, Finasol ESK,
Houghtoslov,
Penetone 861, Slix

.5 ppm - 400 ppm The LC50 values of 8 dlSperSdntS  ranged from
4  t o  3 5  p p m . The value for Corexit 7664 was
400 ppm. The difference in toxicity was
associated with the composition of the
dispersants and the level of aromatic hydro-
carbons.

(Microstomus  kitt)

Herring
(Clupea harengus)

spill in Nova
Scotia

static bioassay

“intermediate oil”
with large concentra-
tions of aromatic
hydrocarbons

Spill caused extensive kill of herring in
1969.

Selected Alaskan
Marine Fishes and
invertebrates

Cook Inlet crude and
No. 2 Fuel Oil

water soluble
fractions of oils
measured as ppm by
IR method

Fish were consistently among the more sensi-
tive species with 96 hr TLM’s from 0.81 to
2.94 ppm. Sensitivity of some invertebrates,
primarily subtidal organisms, equaled that of
fishes while intertidal invertebrates were
consistently among the most resistant species.

Saffron Cod static bioassay

spill

Cook Inlet crude and
No. 2 Fuel Oil

water soluble
fractions of oils
measured as ppm by
IR method

96 hr TLM’s for Saffron Cod were 2.28 and 2.93
ppm for Cook Inlet crude and No. 2 Fuel Oil
respectively.

(Eleginus 9racillis)  1976a

Cod and pollock Longwell,  1977
~ (Gadus morhua and
m ~c~irens)
m

80% #6 fuel oil
20% #2 fuel oil

unknown Over % of the cod and pollock eggs collected
near the ~Merchant spill were contaminated
by adhering ta~l droplets. A signifi-
cant number of the eggs collected were either
dead (up to 46%) or grossly malformed embryos
(18%). Spawning had just occurred.

Larvae of sand launce were sampled in area of

%:a;!;’:i ;:::”:E:::fwl:;Y;e
the area of the thick slick,

Sand launce LongWell, 1977 spill 80% #6 fuel oil
20% #2 fuel oil

Physiological Effects

Herring and Sole Wilson, 1976
eggs and larvae

5-1o ppv Oil dispersants  at levels from 5-10 ppm caused
abnormalities in developing herring, sole and
plaice eggs and larvae.

bioassay

bioassay
48-120 hr

oil dispersant

benzene fractionHerring (Clupea Struhsaker
haren us) eggs and
l+----

et al., 1974
water - ,luble
fract ~~

Considerable physiological stress was noted.
Influence on the total metabolic rate (higher
cone. = delay of metabolic rate) was also
observed.
Although eggs are relatively resistant and
requite a greater amount of exposure before
mortality, that exposure usually induces
abnormalities whose effects are permanent and
irreversible, eventually causing d:~ath.  On
the other hand, exposed larvae may sometimes
partially recover.
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English Sole Malins et al., bioassay Prudhoe Bay crude water soluble English sole held on contaminated s:diments
(Paro hrs
&

1977 fraction for over 4 months had a higher frequency of
liver abnormalities and weight loss than did
control fish on uncontaminated sediment.

Eng’ ish Sole McCain, 1978 toxic ty effects Alaskan crude 0.2% oil/sediment English sole exposed to oil contaminated
sediments for 4 months gained weight slower,
had a higher frequency of 1 iver abnormal i ties,
a higher incidence of parasitic infestation of
the gills, and were less active than control
fish.

Fishery

Behavioral Effects

Spears, 1971 field observation petroleum wastes

Herring Larvae Rice et al., bioassay
(p~:;arenqus 1976 (96 hr TLM)

~ Herring larvae Kuhnhold, 1972 bioassay
~ (Clupea  harengus )

CLAMS, MUSSELS ANO SCALLOPS

Acute/Toxic Effects

Pink Scallop Rice et al., bioassay
(Chlaws rubida) 1976 (96 hr TLM)

Cockles Lechner, 1970 oil spill
(Clinocardium sp. ) observation

Razor Clams Tegelberg,  1964 oil spill
(Siliqua sP. )

Cook Inlet crude

Venezuelan and
Libyan

unknown

oil slick on
surface

water soluble
fraction

Lower yields of fishery species were found in
small tidal creeks receiving petroleum wastes
than in similar creeks not receiving such
additions.

Herring larvae did not avoid an oil slick but
would repeatedly swim up to the surface and
touch it. Oid not appear to be able to detect
the slick. Larvae were eventual ly overcome by
the oil and settled to the bottom.

Larvae were unable to avoid contaminated
water, especially when oil was present as a
dispersion. Author believed chemoreceptors
were blocked or destroyed. Larvae would have
little  chance of survival if they remained in
oil dispersion.

Prudhoe Bay crude, water soluble 96 hr TLM for scallops was 2.07 ppm and 3.15
Cook Inlet crude, fraction .HO-3.15 ppm for Prudhoe Bdy and Cook Inlet crude oil
and No. 2 fuel oil ppm respectively. 96 hr TLM for No. 2 “fuel oil

was .80 ppm. Scallops continued to die up to
4 weeks after exposure to the WSF of crude oil.

JP5 Thousands of dead and extremely weak cockles
were found throughout spill area. Area was
declared a hedlth hazard and residents were
advised not to eat the clams.

fuel oi 1 300,000 razor ciams were kil led in less than
a week by a fuel oil spill.
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Mussel (M tilus
+

Kanter, 1974
californlanus

Soft-shell clam Thomas, 1976
(~ arenaria)

bioassay crude oil

observation of Bunker C oil
spill

Physiological Effects

Soft Shell Clam Stainken, 1976b flow-through
(~ arenaria) bioassay

*
m
cm

Mussel (Mytilus Fossato and flow-through
edulis) Canzonier,  1976 bioassay

Scallops and other ~lw et al.,
shellfish

Pink Scallops Rice and
(Chlamys  !24!2@) Karinen, 1976

Mussel (Mytilus Blumer et al.,
edul is) 1971

No. 2 fuel oil

diesel fuel

observations of No. 2 fuel oil
Falmouth, Mass.
oil spill

bioassay Cook Inlet crude
oil

No. 2 fuel oil, No. 2 fuel oil
west Falmouth spill
field observation

lx103ppm - lx105ppm Mytilus succunbed faster and “n higi~er  numbe$s
!!at oil concentrations of 1x1O ppm than 1x1O

ppm and lx104ppm. Larger experimental anintils
exhibited significantly higher mortalities
than their smaller counterparts. Mortality
varied by season.

unknown Mortalities of the soft-shell clam (~
arenaria) from the 1970 Chedabucto Bay spill
_rom 19% to 73% in the areas sampled.
Many clams left their burrows as these filled
with oil. The clams either died on the surface
or were eaten by predators. Soon after, cldms
started to die within their burrows. Dead
clams were visibly contaminated with oil and
nmrtalities  were proportional to surface oil
cover. In areas where the substrate become
contaminated with oil, chronic mortalities in

; the clam population continued up to 5 years.

10, 50 and 100 ppm Subacute oil exposure resulted in a depletion
of glycogen and general leukocytosis particu-
larly evident in the blood sinuses of the
pallium and mantle membrane. There was also
an increase in vacuolation  of the diverticula,
stomach and intestines. The increased vacuo-
lation of oil-exposed clams may also represent
inclusion and intracellular compartmentaliza-
tion of hydrocarbons.

200-4?}. ug/liter Mussels were exposed for as long as 41 days to
diesel fuel adsorbed on Kaolin particles.
Hydrocarbons were accumulated in the tissues
in excess of 1,000 times the exposure levels.
After removal, mussels began to depurate but
still retained significant fractions after 32
days.

Hydrocarbons ingested by shellfish became part
of their lipid pool. Oil was incorporated in
the adductor muscle of scallops.

Found that the growth rate of pink scallops
may be reduced as the result of oil exposure.

Gonads of mussels failed to develop in
affected areas.
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Species f{eference T y p e  o f  E x p e r i m e n t P e t r o l e u m  P r o d u c t C o n c e n t r a t i o n Effect and Evaluation- — .
Mussel ( tilus

+californlanus
K a n t e r  e t  a l . , b i o a s s a y
1971

c r u d e  o i l Coal oil point mussels were more resistant
than mussels from other areas, suggesting that
chronic exposures lead to selection for
tolerant forms. Alternative that inherent
physiologic~l  variability between populations
may account for differences in oil tolerance
is not eliminated and is suggested by the
10-100 fold difference in tolerance of mussels
from 2 nonseep area samples.

Pink Scallops
(Chlamysrubida)

Rice et al., bioassay
1976 (96 hrTLM)

Prudhoe Bay crude, .80 - 3.15 ppm
Cook Inlet crude,
and No. 2 fuel oil

Scallops accumulated significant paraffin
concentrations . Scallops rapidly accumul~ted
naphtha lenes. Deputation was slow but steady.
After 120 hrs certain fractions were still
detectable.

Clams (S.axidomus
giganteus  and @_
arenaria) dnd
=tilus

Mix et al., 1976 Analysis of
background hydro-
carbon levels

carcinogenic, poly-
cyclic aromatic
hydrocarbons
(benzo-a-pyrene)

Detectable levels of CdrCinOCJI?nlC  benzoa-
pyrenes were found in bivalves from43 of 44
sampling sites. High levels were present in
mussels collected from industrial dock areas.
Significant levels were present in M a

harenaria  collected near industrial oc s.

sublethal Scallops and mussels are considerably less
tolerant to oil pollution than mussels. At
sublethal concentrations the ability of the
bivalves to close their shells was greatly
impai red. Exposure to diesel oil illicited
the most severe effects.

Swedmark, Granmo toxicity effects
& Killberg, 1973

oil pollution

(f$tilus  edulis)

Tainting of oysters in Louisiana oil fields is
frequently reported and is generally associ-
ated with sediments containing high levels of
petroleum hydrocarbons (500 ppm). Tainted
oysters must be removed to unpolluted areas
for several months to make them marketable.

observation
reports

chronic pollution 500 ppm in
brines and spills sediments

Oysters NAS 1975

Oysters collected at the mouth of Houston Ship
Channel showed much higher concentrations of
hydrocarbons than those collected across the
bay, 237 and 2 ug/g respectively.

Oysters Ehrhardt, 1972 field observation chronic pollution
Anderson, R, 1975 (ship channel)

Behavioral Effects

Softshell Clam
(t@arenaria)

Stainken, 1976a bioassay 96 hr With increased concentration of oil, clams
increased mucus secretion and decreased
tactile responses. General behavioral
sequence: successively impaired activity;
irunobiliz~tion  dnd death. Increased metabolic

No. 2 fuel oil and oil water emulsion
Louisiana crude (subl’ hal)



Species Reference Type of Experiment Petroleum Product Concentration Effect and Ev~luation

demands for mucus production and excretion and
the disruption of normal physiological and
biochemical processes occurred at much lower
concentrations than the LC50 value indicates.
LC50 values: Phenol 565 ppm; and #2 fuel oil
4?5 ppm.

Clam (Macoma
baltic~

Taylor and bioassay in situ Prudhoe Bay crude 0,234 and 0.367 Water soluble fraction of oil and oil-treated
Karinen, 1976 experiment oil ppm naphthalene sediment inhibited burrowing and caused clams

equivalents to move to sediment surface where they would
be vulnerable to predation or die from
exposure.



grilling Cuttings and Drilling Iluds

Potential for long residence time of contaminant. During the
exploration and development phases of oil development, exploratory wells
are drilled to determine if oil and/or gas are present. If hydro-
carbons are discovered in commercial quantities, platforms are erected
and many development wells are drilled to extract these hydrocarbons
from the oil bearing formation. During drilling, adverse impacts to the
marine environment may result from the discharge of cirilling  muds and
cuttings into marine waters. In 1976, the U. S. Department of Interior
estimated that approximately 84 exploratory wells and 520 production
wells could be drilled in the Lower Cook Inlet oil and gas lease sale
area during the life of the field. They predicted that as a result of
drilling a total of 210,000 cubic yards of cuttings and approximately
172,000  barrels of drilling muds could be discharged into the marine
enviornmente The discharged muds and cuttings produce a surface plume
of muddy water that can be distinguished for a few hu~i-ed  f~et clown-
current and then as an accumulation of cuttings on the ‘ottcml (Sheen
Technical Subcommittee, 1976).

Drilling muds. Drilling muds are special mixtures of clay,
water (or oil) and chemicals which are circulated into the drilling
hole to cool and lubricate the drill bit, to remove formation cuttings
from the hole, and to prevent blowouts by holding back formation pressures
exerted by oil and gas accumulations (McDermott & Co., undated). Through-
out dril l ing the muds are recirculated after cuttings and other debris
are removed. Large volumes of mud are discharged into the marine environ-
ment usually after surface casings of wells have been set or the wells
are drilled (Sheen Technical Subcommittee, 1976). In some cases, the
muds are stored for future drill ing activities at  the end of drill ing
(USFWS, 1978b).

Drilling fluids and their chemical components have been shown to
be acutely toxic to fish (including coho salmon) and marine inverte-
brates (Daugherty, 1951; Falk & lawrence, 1973; B. C. Research, 1975).

Beside the effects of toxicity, another potential adverse impact
of drilling muds results from the accumulation of muds on the bottom.
Muds settling on the bottom may result in the smothering of benthic
(bottomdwel  1 ing) organisms which are incapable of moving out of the
disturbed area (Dames & Moore, 1978). Diesel oil or other chemicals
added to muds to facilitate the drilling of deep wells can adhere to mud
particles and settle to the bottom causing pollution of the substrate.
Filter feeding animals such as clams filter out the oil from the sediments
and concentrate it causing them to develop an unpalatable, oily taste.
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Drilling Muds - The effects of drilling muds on the marine environment is related to: 1) the composition of the mud, 2) the quantity and rate of
mud discharged, and 3) the receiving waters. $imple drilling muds without additives can be classified as low to moderately toxic compounds, Adverse
effects will result primarily from discharging muds into shallow waters, into water bodies with limited circulation or mixing, or into waters containing
high concentrations of eggs, larvae or sensitfve juvenile adult organisms. Drilling muds which contain highly toxic additives to deal with specific
drilling problems are toxic under any circumstances, however, the biological effects of these muds will be nmst severe in areas where littl~
dilution or mixing occurs.

The discharge of “large quantities of drilling muds over a long period of time such as from a development platform, will debilitate and possibly
kill organisms which may survive one time discharges of muds from a single exploratory well. Long term mud discharges are more likely to result
in lethal accumulations of toxic muds in sediments and smothering. The sudden discharge of a quantity of mud is potentially more destructive
than the continuous discharge of a similar amount over a long period of time because less dilution will occur and the area of acute toxicity
will be several times larger.

The discharge of drilling muds into productive aquatic environments with large numbers of non-mobile benthic or planktonic  organisms is potentially
more damaging than discharging drilling muds into sterile environments or areas supporting nwbile organisms which could leave the area. In deep
well-mixed marine waters, where muds are rapidly dispersed, the biological effects of mud discharges are limited to a smali area surrounding the
point of discharge. However, in shallow waters with weak currents little dilution will occur and drilling muds are likely to be sufficient to
adversely affect marine organisms. Without dispersal drilling muds may settle directly to the bottom and may build up to toxic levels in marine
sediments. Suspended solids from the discharge may also reduce light penetration and primary productivity in the area.

Drill Cuttings - Clean drill cuttings are non-toxic and their primary effect on the aquatic environment will be smothering of non-mobile benthic
organisms such as clams, anemones and marine plants. The magnitude of this effect will depend upon the volume of cuttings discharged, the
benthic  community in the receiving waters, and the sediment transport processes in the area. The volume of cuttings discharged from a platform will
depend upon the depth of a well and the number of wells drilled. A shallow well will produce less cuttings than a deep well, and a single exploratory
well will produce considerably less cuttings than a producing platform where as many as 20-30 wells may be drilled during the life of the field.

~ Using 2 million pounds of cuttings as an average per well, 40-60 million pounds of cuttings may be discharged from a production platform. If
- sediment transport processes are weak these cuttings will be deposited in a small area surrounding the discharge pipe, but if currents are strong
w these cuttings may be thinly distributed over a several square mile area. If sediment transport processes are weak and the platform happens to

be located in a unique area, such as a larval king crab settling area, and the cuttings pile covered it, the effect could be significant. However,
with the strong currents and the limited number of known critical habitats ih the marine waters of Cook Inlet, it is unlikely that the discharge
of clean drill cuttings will be a significant problem. Drill cuttings, however, may be contaminated with drill muds, chemicals, and hydrocarbons
from the producing formation. The toxicity of these cuttings and their effect on the marine environment will generally be the same as the
contaminating compound, and their disposal should be handled similarly.

Dames & Moore, 1978

Dames & Moore conducted a study to assess the effects of discharging drilling muds and c~:~tn$ during the drilling of a C.O.S.T. well 35 nautical miles
west of Homer in Lower Cook Inlet. This wel 1 was located within the Lower Central Zone are~. The study concluded that strong tidal currents in
addition to a turbulent wake created by the semisubmersible exploratory drilling rig cause~ discharged drilling muds to be rapidly diluted (10,000:1)
within 100 m of the vessel. The amount of total suspended solids discharged within 100 mof :k drilling vessel was measured at 8.1 mg/1 compared to a
typical background level in Lower Cook Inlet of 2 to 20 mg/1. Drill cuttings were separated fwxv the dri 11 ing muds upon discharge into the receiving
waters. The drilled cuttings fell to the sea floor whereas the finer drilling muds remained n~,ar :’e surface. In some cases, the drilling muds adhered
to the cuttings. Cuttings did not accumulate in a s te on t e sea floor but were mixed “into tg b:.llom  to a depth of approximately 8 to 9 cmbelow the
surface. 49*$Cuttings,accumulation  rates were 5.5 x 10- g/hr/m 85 m n rth of he drilling stte, ‘.~’- -;/hr/m2 100m north of the drilling site,
4.26 x 10-1 g/hr/mL 200m north of the drilling site, and 3.20 x 10- g/hr/m  400 m north f the <?llling site.

BLM, 1978

Due to the lack of scientifically generated information with regard to the fate and effects of drilling fluids disposed of into the marine ecosystem,
several field studies have been conducted In an effort to determine the effects of such c scharges in situ.

Mobil Oil Corporation funded a monitoring study of their drilling operations near the Eas Flower Garden 8ank offshore iex~s. Sediment and sea water



were analyzed for barium, chromium, iron, lead and hydrocarbons, before, during and after ui i 1 ling operations; and observations of the coral reef were
made. There was a marked elevation of barium, iron and lead in sediments at the drill site during and after drilling. Barium increased from 22 to 425
parts per million, iron increased for 8.5 to 13,000 ppm, and lead increased from 4.6 to 12.7 ppm. Hydrocarbon levels in sediments did not indicate any
effect from drilling operations. The drilling fluids outfall was located near the bottom and tile Ll+mical  analyses indicate that this served to
concentrate them near the dri 11 site and prevented them from reaching the coral reef.

Union Oil Company funded a monitoring study of their drilling activites near the West Flower Garden Bank, offshore Texas to assess the deleterious
effect, if any, of their operations on this coral reef. The drilling fluid outfall was placed near the sea floor as a precautionary measure to protect
the coral reef. On the basis of repetitive observations involving quadrat counts of benthonic  organism, quantitative assessment of fish populations,
quantitative and qualitative assessments of coral behavior and stress reactions and determinations of “health” and pathological conditions among
hermatypic corals and other epibenthic organisms, the investigation found no discernible effect on the reefal conrnunitites.

Post drilling barium analyses indicated major amounts to the north and east-southeast of the drill site within 300 nwters of the site. Transmissivity
measurements during drilling indicated a turbid water plume that extended over 1,000 meters to the south of the drill site tow~rd the reef.

Continental Oil Company funded a study of their drilling operations near Baker Bank, offshore Texas. In this case, the drilling fluids were disposed of
at the sea surface. On the basis of sediment barium levels before and after drilling, a major increase in barium was found at the drill site.
Pre-drilling  barium levels ranged from 344 to 419 parts per million. Post-drillin levels were as high as 1618 parts per million at a distance of 500
meters from the drill site but decreased to a maximum of 678 ppm at a distance of !,000 meters.

Burmah Oil and Gas Company funded an investigation of their drilling operations near Stetson Bank, offshore Texas. The drilling fluids outfall was
located near the seafloor to protect the bank. Significant increases in sediment barium concentrations were limited to within 300 meters of the well
site and no increase was noted on the bank itself.

In a BLM funded study offshore Texas, sediment barium levels were found to increase during  drilling throughout the 1,000 meter sampling radius. Post-
drilling samples taken three months after the termination of drilling showed somewhat decreased barium levels with the high levels remaining at the
drill site. Presumably, the barium sulfate deposited during the drilling operation had been redistributed and diluted prior to the post drilling
analysis.

*
4
w In another BLM funded study offshore Texas, sediment concentrations of zinc, barium and ca~~+!ir,  increased markedly

pre-drilling levels.

In a recently published EPA funded study, an enrichment of barium, lead, zinc and strontium was found in sediwnts
higher barium content can be attributed to drilling fluids; however, the overall variations were subtle and hardly

at the drill site compared to

near production platforms. The
indicative of major contamination.

Drilling fluids are one of the necessary materials for drilling wells in the search for cil and gas resources on the Outer Continental Shelf. Except
for those which contain oil, these fluids have historically been disposed of into the marine eco:.ystem. Acute toxicity bioassays indicate that most
drilling fluid components are relatively non-toxic; however, certain minor constituents, su”fi as the chlorinated hydrocarbon bactericide, are toxic and
persistent. Field studies indicate that the initial dilution and subsequent dispersion cf drilling fluids results in minor changes in the chemical
composition of the surrounding sediments. When drilling fluids are disposed of at or near The sea surface, then the radius  of the impact zone is at
least 1 km; however, if the outfall is located near the sea bottom, the radius of the zore f {mpact is generally less than 300 m. This latter disposal
method has been found to be useful when drilling near biotic communities which are sensitive tc t..pbidity.

OCSEAP,  1979

Field studies around existing platforms have been conducted to determine dilution rates t]: mud discharges and to assess whether the platforms do in
fact, “affect” the environment, particularly the benthic assemblages surrounding them. Plule models have also been developed to predict the dilution
and dispersion of the effluent. In general , the mathematical models tend to predict much $ [Ialler dilution than actually occurs, primarily because they
do not take into account the interactions of the drilling ships and ocean currents. Dame; and Moore predicted dilutions of 100:1  within 100 meters of b
outfall, but a dye dispersion study demonstrated that the actual dilution was 10,000:1. “’,lco, in its study for Union Oil in Lower Cook Inlet, also
found dilution on the order of 10,OOO:1  near the drillship.

Ecomar measured the dilution rates around a semi-submersible off California, as part of 1. study of shell’s Tanner Bank drilling operation. At
discharges of 10 barrels per hour, dilutions of 50,000 to 100,000:1 occurred at distance” f 100 meters from the discharge; with discharges of 750
barrels per hour, similar dilutions occurred at distances of 500 to 800 inters.



Field “effects studies” (in reality, “rig monitoring”) have been performed in the Gulf of Mexico, near the Tanner Banks of Southern California, and in
Cook Inlet, Alaska. A number of these have documented increases in metal concentrations in the sediments surrounding the platforms. Union Oil’s study
of its operations near the West Flower Garden Bank, off Texas, demonstrated increases in barium concentrations from 50 to 1300 ppm (redrilling) to
4.6 to 7800ppm (postdrilling). Mobil’s study of the East Flower Garden 8ank demonstrated increases in barium (from 22 to 425 ppm), iron (from 8.5 to
13,000 ppm), and lead (from 4.6 to 12.7 ppm). Other studies (Continental Oil near the Baker Bank, Texas, Burmah Oil and Gas near Stetson 8ank, Texas,
and two ELM studies off Texas) showed similar increases. Generally, the increased metal concentrations were confined to within 200 to 500 iiwters of the
drilling sites.

“Effects” of drilling platforms have been difficult to document. The Union Oil Study of the West Flower Garden Bank found “no discernible effect from
the dril 1 ing operations on the reefal conmnmi  ties .“ Ocean Production Company performed a monitoring study of their drilling activities on the Georges
8ank, and found no effect of drilling muds on pH, suspended solids, turbidity (except within 100 yards of the outfall), soluble barium and chromium in
sea water. Shell was not able to document any accumulation of drilling muds or effects on the reefal communities associated with its activities on the
Tanner Bank. Oil company reports tend to emphasize the “positive reef effect” of platforms and use this as evidence of the lack of adverse effects of
drilling mud discharges.

The possibility of adverse effects has been suggested in at least two instances. An EPA flow-through infaunal comnunity  development study revealed that
exposure to drilling mud reduced the nuder of settling macrobenthic infaunal individuals by 72%; the number of sea anemones (close relatives of corals)
was 93% lower than controls.

The Dames and Moore study to Arco showed decreased abundances of the “most important” species in the inmediate vicinity of the platform than at a
control site, although there “may have been” fewer organisms there prior to drilling.

Didiuk  & Wright, 1975 - A study conducted to assess the effects of the de osition of thin layers of drilling wastes on the survival of a benthic
organism !in Northern Canada showed that if the suspended solids in 1.6 x 96 1 of drilling mud settled out uniformly they could blanket an area of up to
95 hectares to a depth of 1 nun. The same volume could cover a 32 hectare and 14 hectare area to depths of 3 and 7 mn respectively. A thin layer of
drilling effluents could adversely affect benthic organisms.



Dri l l  cu t t ings . Drill cuttings, composed of bottom sediments and
pieces of pulverized rocks from underlying sedimentary geologic formations,
are produced during well drilling. These materials along with some
drilling muds are discharged into the surrounding waters. Approximately
2 million pounds of drill cuttings may be discharged in the course of
drilling a single well and as many as 20wells  may be drilled from a single
platform. Because of their coarseness, most of the cuttings will rapidly
settle out from the discharged material and collect on the bottom near
the point of discharge. To what extent they accumulate and form piles
depends largely on the speed of currents in the drilling area, although
wave energy may be important in some areas. In shallow marine waters
where currents are low (less then 0.25 knot) discharged cuttings have been
reported to accumulate as mounds approximately 46 m (150 ft.) in diameter
(Zirlgula, 1976) and Up to 6 m“ (20 ft. ) in height (Carlisle et al., 1964).
If there is an accumulation of materials, the less mobile  species of
animals living on the bottom may be smothered.

Relative sensitivities of key species. The re;~ti~e sen~itiviti~~

of key species are presented in table 52.

Chronic Contamination from Formation Waters

Potential for long residence time of contaminant. The discharge of
formation waters from offshore drilling platforms or onshore treatment
facilities may adversely impact aquatic organisms. Crude oil as it comes
from the ground is generally made up of natural gas, petroleum and water.
The water, called formation or produced water, is contaminated with
hydrocarbons and may be contaminated with heavy metals and hydrogen
sulfide all of which may pollute marine and freshwater environments
(USFWS, 1978d). Before the crude oil  is delivered to a  ref inery ,  the
water must be separated from the oil and gas. This process takes place
either on the offshore production platform or the crude oil is transported
ashore by pipeline and the oil,.water and gas are separated at onshore
t r e a t m e n t  f a c i l i t i e s . Once the formation water is separated from the oil
and gas, it is generally treated by heat or chemicals and discharged back
into marine waters, sometime in the same location for several years
(USFWS, 1978d; Mackin, 1973). Formation waters may also be injected into
disposal wells or pumped back into reinfection wells to maintain pressure
(USDI, 1976). The amount, and therefore the effect, of the discharged
formation waters on biological communities in the receiving waters is
determined by the size of the treatment facili ty and abili ty of the
receiving waters to accommodate the wastes. Because onshore treatment
facilities may collect oil  from several offshore platforms, the amount
of formation waters discharged will be considerably greater than that
discharged from treatment facili t ies on individual platforms. It  may also
be assumed that the biological effects from a single onshore treatment
facility discharging formation waters into shallow nearshore waters might
be significantly greater than the collective effects of formation waters
discharged from several offshore platforms.
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“Table 52 Acute/toxic, physiological and behavioral effects of drilling muds and cuttings on fish resources.

Species Reference Type of Experiment Product Concentrate ion Effect and Evaluation

SALMONIDS

Acute/Toxic Effects

Pink Salmon Fry Dames & Moore,
(Onchorh  nchus

Static bioassay

. @ i + $ l -
1978

Juvenile Rainbow Environment Seawater bioassay
Trout (Salmo Canada, 1975

*~~tchl.

keta), Pink S=imon
~gorbuska)

Rainbow Trout Beak Consultants Static bioassay
(~. gairdneri) Limited, 1974a

Rainbow trout Beak Consultants Static bioassay
(~. gairdneri) Limited, 1974b

Rainbow trout Herbert E Bioassay
(~. gairdneri) Wakeford, 1962

Rainbow trout Logan et al., Bioassay
(>. q~ 1973

Rainbow trout Herbert & Toxicity effects
(~. galrdneri) Merkens, 1961

ppm= parts per million
oob = Darts oer billion

Drilling fluids 0.1-O.7%by  V01UIW2

Drilling fluid 0.56%-18%
wastes

Drill<ng muds 5-25% by weight

Drilling fluids 9-27% by weight

Calcium sulphate 3163-6820 ppm
(9YPsum)

Bentonite clay 10,000

Mineral solid 30-810 ppm
suspensions of kaolin
and diatamaceous earth

?J~l J~LC50’S  ranged from 0.3 to ?.9% by
Well stirred mixtures produced a much

lower ~0.3%) LC50 value than the sam mud
sample did with minimal stirring (2.9%). Pink
salmon fry were the most sensitive species
tested. Total suspended solids at the lowest
LC50 equalled 1,100 mg/1.

96 hr LC50 values for rainbow trout and coho
salmon juveniles ranged from 1.6% to 19.0%.
Most were confined to the 1.6% to 3.9%. There
appeared to be a general trend for sample-
specific toxicity. All 4 species showed
similar tolerances when tested with a single
sample (2.4-2.9%) although pink salmon were
slightly more tolerant (4.1%).

The 96 hr LC50’S for rainbow trout ranged from
5.0% to 25.O%by weight. Filtrates of the
drilling fluids were consistently less toxic
than the whole mud systems. Source of
toxicity was attributed to drilling components
(muds) rather than drilled solids (cuttings).
Toxicity was related to suspended solids and
metal ions contained in barites and lignosul-
phonates.

96 hr LC50’S varied from 9.0% to 27% by
wei ht.

!
Increased toxicity (LC50’S of 9% and

11% was attributed to the addition of KCL
and increased barite and lignosulphonate
concentrations.

Four weeks of exposure at pH values of 8.1
produced 50% mortality at 6,820 ppm gypsum
(4,250 ppmin suspension). 3,163 ppm(553ppm
in suspension was not acutely toxfc.

Bentonite  clay was not acutely toxic to
rainbow trout at 10,000 ppm after 96 hrs.

Concentrations of 270 and 810 ppm of mineral
solid suspensions of kaolin and deatamaceous
earth produced h+gh trout mortality after
several month exposure. Gill dama e

!(thickening and fusion of ?amellae  was noted.

~C~O =wii~centration required to kill 50% of the test animals
TLM = median tolerance limit - the concentration required to

kill 50% of the test animals within certafn tfme lfmits
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Rainbow trout Herbert & Bioassay
Q. gai rdneri )

Spruce fibre
Richards, 1963

Rainbow trout ~g~n et al., Bioassay
(~. gairdneri  )

Sodium acid
pyrophosphate (SAPP)

Rainbow trout Logan et al., Bioassay Lubricants and
(~. gairdneri  ) 1973 detergents

Rainbow trout
(J. gairdneri  )

Rainbow trout
(~. gairdneri  )

Rainbow trout
(~. gai rdneri )

50-200 ppm

870 ppm

14-2,270 ppm

Lawrence & Acute toxicity Nud from Imperial 1-10,000 ul/1
Scherer, 1974 Bioassay Oil’s Imnerk B-48

Beaufort Sea (Canada)

Noore, Beckett Acute toxicity Drilling fluids eight
&Weir, 1975 northern (Canada)

drilling sites

Heir, Lake Static bioassay Samples from
Thackeray 1974 drilling sumps in

Canadian arctic

8.6%-100%by  VO]UIIW2

l{~inbow  trout held in 200 ppm spruce fibre
had mortalities of 50% after 16 weel. s and 80%
dfter 40 weeks. No deaths occurred at 50 ppm
and 100 ppm.

96 hr LC50 for rainbow trout was 870 ppm at a
pllof 6.25-6.5.

96 hr LC50 values for four water soluble
surface active agents of unknown chemical
composition (Scot-Free, B-Free, Swift’s Rig
Wash, and Dominion Rig Wash) were 52, 19, 22
and 14 ppm respectively. Tricron and Torq-
Trim (surface wetting agents) had LC50’S of
63 ppm and 2,270 ppm respectively.

The 96 hr LC50 values were determined to
75,000 Ulfl.

Overal 1 toxicity was a result of components in
use at a particular time and the formation
being drilled. Surface hole muds were most
toxic (primarily from use of KCL to penetrate
permafrost). Samples from greater depths
exhibited nultifactor  toxicity (metals, solids
and other compounds ) compounded by high
viscosity and extremely high solids content.

The 96 hrLC50 ranged from 8.6% to 100%
effluent concentration. Acute toxicity
appeared directly related to concentrations
of dril 1 ing compounds (Barytes  and Peltex).
Greatest toxicity appeared due to high con-
centrations of sodium, potassium chloride,
chromium, aluminum. There was evidence of
gill chamber clogging and hemorrhaging of
gill chambers and eye area.

Physiological Effects

Juvenile king salmon Olson, 1958 Hexavalent chromium “0.2 vpm
(Q. tshawytscha) (Cr04--, Cr201---)

Pink salmon fry Nalco, 1976 96 hr Static Whole drilling muds, ~10% .Iad
(Q. gorbuscha ) bioassay whole mud plus para-

formaldehyde (0.25 lb/
barrel mud)

Juvenile king salmon exposed to 0.2 mg/1 of
hexavalent  chromium for 12weeks showed
reduced growth and increased mortality.

Dissolved oxygen concentrations in unareated
aquaria containing pink salmon fry decreased
with overtime. Greatest decreases were
observed at the higher concentrations of
toxicants. No acute toxicity was observed at
this concentration.



Species Reference Type of Experiment Petroleum Product Concentration Effect and Evaluation

Brown trout Herbert et al., Field observations
(Salmo trutta) 1961

Rainbow trout Herbert & Richards Toxicity effects
(~. gairderni  ) 1963

Behavioral Effects

Rainbow trout Lawrence &
(~. gairderni  ) Scherer,  1974

OTHER FISH

AcutelToxic Effects

White fish Lawrence &

I $- ‘-is)
( Scherer,  1974

4
co

Staghorn sculpin Dames & Moore,
(Leptocottus  armatus ) 1978

Bluegill Pruitt et al.,
(,- macrochi r~s ) 1977

Behavioral

Acute toxicity
bioassay

Static bioassay

Bioassay and
tissue accumulation

Suspended mineral
solids

Spruce fibre
Bioassay

Mud from Imperial
Oil’s Insmwk %-48
Beaufort Sea and
supernatent fraction

.

Mud from Imperial
Oil’s In?nark  B-48
Beaufort Sea

Drilling fluids

Pentachlorophenol
(PCP)

1,000 ppm

50-200 ppm

Sublethal

25,000 ul/1

5-20% by vOIUme

LC50 and sublethal

River fisheries of brown trout were severely
reduced by 1,000 ppm china-clay wastes (con-
taining mica, clay and sand in various pro-
portions). Population reduction was due to
cessation of reproduction, reduction of the
aquatic invertebrate population and gill
damage.

Rainbow trout had a 20-40% reduction in growth
growth after 40weeks exposure to 50 and 100
ppm spruce pulpwood.

Response to mud suspensions and the super-
natent fraction was neutral at 100 ml/1 shift-
ing to preference at 1000 ml/1. Avoidance was
observed at 10,000 ml/1 of supernatent.

The 96 hr LC50 for whitefish was 25,000 ul/1.

Based on a small sample and limited number of
organisms, the 48 hr LC50 value for staghorn
sulpin was 10-20% by volume.

The 96hr median lethal concentration (LC50)
was 0.3 mg PCP/1 for bluegil 1. Fish exposed
to sublethal concentrations (O. 1 mg/1 ) accumu-
lated PCP in various tissues from 10 to 350
times the ambient concentration. The liver
had the greatest concentration followed by the
digestive tract, gills and muscle. Upon
removal from PCP-contaminated water the fish
rapidly eliminated PCP. Residues ranging from
0.03 to 0.6 ppmwere still detectable, however,
16 days after fish were placed into a clean
environment.

Physiological Effects

Starry flounder Varanasi,  1978 Bioassay
(Platicht  s stellatus)

Cadmium and lead 150 ppb

W—+——
partial flow through

Coo samon
(Q. kisutch)

Starry flounder and
150 ppb cadmium and
and 4oC accumulated
mtals in the skin,

COI1O salmon exposed to
lead in seawater at 10°
concentrations of these
mucus, brain, posterior
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Species Reference Type of Experiment Petroleum Product Concentration Effect and Evaluation

kidney, and liver. Greatest accumulations
occurred at 10°C, however deputation in
starry flounder was slower at 4oC. Coho
salmon tissues still retained >50% of the
accumulated metals 37 days after removal to
clean water. Lead was retained by both
species in higher concentrations than cadmium.

Behavioral Effects

Whitefish Lawrence & Behavioral
(Coregonus Scherer, 1974
clupeaformis)

SHRIMP

Pandalid shrimp Dames & Moore,
1978

Kachemak Bay Dames & Moore,
Pandalid  shrimp 1978

White shrimp Chesser &
(Panaeus  setiferus) McKenzie, 1975

CLAMS, MUSSELS, SCALLOPS

Physiological Effects

Mussel Dames & Moore,
(tidiolus  modiolus) 1978

Static bioassay
toxicity effects

Static bioassay

Bioassay

Toxicity effects

Mud from Imperial
Oil’s Innrerk B-48
8eaufort  Sea and
supernatent fraction

Orilling  fluids

Drilling fluids

Drilling fluid
additives

Drilling fluids

Sublethal
1 to 17,600 ml/1

8.6-20% by V01UW2

.025-20% by volume

2 6 5 - 2 1 0 0  p p m

Sublethal
1-3% ~’ volume

Whitefish showed increasing attraction towd
suspensions with increasing concentrations
(1-1000 ml/1). An increase in swinuning speed
was also observed. Response to supernatent
was neutral dt 55 ml/1, preference at 1000
ml/1, neutral at 10,000 and a tendency toward
avoidance at a higher concentrations (17,600
ml/1).

Mortalities of pandalid  shrimp at 20% cone.
(LC50-8.6%)  occurred rapidly and all shrimp
were dead within 3 hrs. At 15% all the
shrimp were dead at 24 hrs. At concentrations
greater than 15% the shrimp showed irritation
when placed in the test solution and would
jump completely out of the tank.

96 hr LC50’S values for pandalid shrimp
ranged from 3.2 to 15% by volume. Total
suspended solids at lowest LC50 equalled
14,000 mg/1.

The 96 hr l“LM’s for white shrimp were 265 ppm,
465 ppm, 2100 ppm for a modified Hemlock bark
extract (tarrun), a chrome treated lignosul-
fonate and an iron lignosulfonate, respective-
ly . The chrome was present as trivalent
chromium.

Fourteen days’ exposure at 3% mud resulted in
a reduction of feeding time, respiration,
delayed bysus thread formation and possible
abnormal uptake levels of heavy metals.



OTHER INVERTEBRATES

Acute/Toxic Effects

Mysids Dames & t430re, Static bioassay Drilling fluids 1-20% by V,OIUllle
1978

.

Copepod/~sid Nalco, 1976 24 hr and 48 hr Whole mud and whole
static bioassay mud + paranormal dehyde

(1.0 lb/barrel )

Physiological Effects

Chironomid Didiuk  &Wright, Physiological Waste drilling fluids 1, 3, 7 inlayers on
(Chironomus  tentans) 1975 sediment surface

96 hr LC50’S were 1% to 5% by volume for well
mixed solutions and 10 to 15% in mixtures with
no continuous mixing.

The mud and paranormal dehyde mixture (4-1OX
expected field concentrations for parafor-
maldehyde) resulted in complete mortality at
all concentrations. Significant nwrtalities
also occurred in concentrations of mud
supernatent 25.7% for nvsids and 10% for
copepods.

Populations of Chronomid larvae treated with
1 m, 3m, and 7m layers of drilling waste
achieved only 65%, 47% and 12% emergence
respectively, with peak emergence occurring
22, 23 and 25 days respectively after mud
addition. Controls achieved 84% emergence
with peak emergence occurring on the 16th day.
Organisms from contaminated substrates were
smaller in size. Muds appeared to interfere
with the feeding mechanism.



H~milton  e t  a l . , 1 9 7 9  -  F o r m a t i o n

as well as larger bodies of water

to avoid the contaminated waters,

free floating plankton seem to be

w a t e r s  a p p e a r  t o  b e  m o r e  hdrmful  i f

w i t h  t i d a l  a c t i o n ,  w a v e s  a n d  s t r o n g

fish and free swimming organisms do

similar and localized. However, in

1 iving near the point of discharge may be totally destroyed. The oil

discharged into shallow waters than into deeper waters because deeper waters

currents tend to rapidly di lute the formation w~ters. Because of their ability

not seem to be affected by the discharge of fomation waters. The efft. ts on

shallow waters where dilution by seawater may riot tdke place, benthic organisms

in formation waters may adhere to sediment particles in the water column and

settle to the bottom causing contamination of the bottom substrate. When accumulations reach a sufficient level,

occurs. This information suggests that

long period of time. In order to avoid

although the concentration of oil in water may be low, oil may be accumula

destruction of bottom conmnities, these sediments should be carefully mon

estruction of bottom connwnities

ing in bottom sediments over a

tored.

Discharges of high

beds COU1 d be very

salinity waters

destructive.

into freshwater lakes or streams, or low salinity waters into highly productive marine environments such as clam

Armstrong et al., 1979 - A study by Armstrong, et al. (1979) showed that although the concentration of aromatic hydrocarbons in receiving waters some

distance from oil separator platforms in Trinity Bay, Texas, was very low, the concentration of several alkyl-substituted ndphthalene  compounds in the

s sediments near the separator platforms were four orders of magnitude higher than in the overlying water. Naphthalenes  accumulated in greater concen-
m
M trations in sediments than in water and remained in the sediments for long periods of time.

Because of the presence of naphthalenes  in the sediments the bottom was almost completely devoid

the 011 separator platform. The presence of fauna within a radius of approximately 150 m around

(approximately 2 ppm) concentrations of nephthalene  are capable of restricting many species,

of benthic  organisms within 15 m of the outfall from

the platform was severely depressed. Apparently low

High, persistent levels of naphthalenes  in the sediments surrounding the separator platform were pr,,bably due to the turb

the slow rate of degradation of oil in sediments. Suspended particles in turbid waters re~dily adsorb hydrocarbons which

Froman ecological viewpoint, chronic oil pollution such as that caused by the discharge Gf formation waters is potential

dity of Trinity Bay water and

then sink to the bottom.

y more serious than

catastrophic oil spills. Continuous introduction of even low levels of oil into the envir. writ could result in .in accumulation of hydrocarbons in

sediments which may persist for a long period of time. Few studies have been condu~:tid  iti ?,~e natural environnwnt  on the etfects of chronic oil

pollution.



Mackin, 1971 and 1973 - The effects of formation waters seem to decline farther from the point of discharge because of dilution by marine waters. Mdckn

studied the effect of produced waters on the marine plankton, benthic  (bottom), and pelagic communities of six oil fields located in Texas estuaries.

Bottom communities within 50 feet of heavy discharges were almost completely destroyed, whereas organisms from 150 to 200 feet appeared to receive

noticeable but less impact. At 300 feet no short term impact was observed.

Mackin  & Hopkins, 1962 - In a study by Mackin

s i t e  s u f f e r e d  v e r y  h e a v y  m o r t a l i t i e s  n e a r  t h e

b e t w e e n  7 5  a n d  1 5 0  f e e t  t h e r e  w a s  e v i d e n c e  o f

w a t e r  d i s c h a r g e s .

and Hopkins (1962) in Louisiana, trays of oysters placed within 25 feet of the formation water discharge

bottom and slightly less at the top of the water column. Some mortal ity was observed out to 75 feet and

stunted growth. Beyond 150 feet the report did not discuss any evidence of adverse effects from formation



Formation waters are highly toxic and their disposal into the
marine environment can be detrimental (NERBC, 1976). Formation waters
contain up to 50 ppm of oil as small droplets and up to 35 ppm of dis-
solved hydrocarbons, primarily aromatic fractions. Levels of total
dissolved aromatic hydrocarbons as low as 1 ppm have been found to acutely
toxic to larval crustaceans found in Lower Cook Inlet (Rice, et al.,
1977). Formation water may also contain toxic quantities of heavy
metals, such as vanadium and mercury, and hydrogen sulfide, a poisonous
gas. All formation waters are anoxic, and the concentrations of dis-
solved salts may vary greatly from receiving waters.

Polluted formation waters may affect both individual organisms and
entire populations by causing short term (acute or lethal) biological
effects such as death or long term (chronic or sublethal) effects in-
cluding abandonment of a habitat and interference with the growth and
reproduction. Once discharged, the formation waters are diluted  with
marine waters. The oil immediately undergoes a number ~f nhanges,  such
as dilution, evaporation, spreading, and biological degra,ti~tion,  which
lowers the actual measured concentrations of hydrocarbons (Koons,  et
a l . ,  1977) . Other contaminants, such as hydrogen sulfide dn~ !i~av
metals, undergo similar changes.

Rela t ive  sens i t iv i t ies  of  key  species .  The  re la t ive  sens i t iv i t ies
of key species are presented in table 53.

Interference with Fishinq  Act iv i t ies

Conflicts between drilling platforms and the commercial fishing
industry can be classified into one of the following categories: physical
loss of fishing areas; interference with fishing gear and vessels; direct
effects of oil pollution on commercial species; and tainting of commercial
species by oil  pollution.

Fishing areas may be lost if numberous offshore structures take
up space in prime fishing grounds (St. Amant, 1971). Semisubmersible
drilling platforms, with their large anchor network, may occupy up to
four square miles. In areas with strong currents,  the navigation pro-
blems associated with avoiding such structures remove even larger tracts
of fishing grounds. The disposal of drill cuttings may remove small
amounts of fishing grounds from production.

Interference with fishing gear by support vessels and vessels involved
in the moving of drilling rigs is a major impact of oil development.
Vessels operating in areas with fixed fishing gear (crab gear and halibut
lines) often cut bouy and mooring lines. The gear thus becomes impossible
to locate and recover. Tow ropes and nets can also be cut and fouled by
t h e  oDeration  of  vesse ls  throuah  conaested  fishin~ a r e a s .  I n c r e a s e s  i n
the n~mber of vessels
time spent in navigat

a n d  drilling p~atforms  in a; area  increases  the
on and decreases the time available for fishing.
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Table 53 Acute/toxic, physiological and behavioral effects of formation waters on fish resources.
~ecies Reference Type of Experimnt Product Concentration Effect and Evaluation —

SALMONIDS

Acute/Toxicity Effects

Steelhead
~;;moag~;dneri  )

Onchorynchus  kisutch

Juvenile king salmon

&${e-)
(Salmo gairdneri )

%
*

Salmon
(~horynchus  )

Coho salmun
Q. kisutch)

Coho salmon
(Q. kisutch)

Juvenile Atlantic
sa lam
(Salmo salar)——

Rainbow trout
(Salmo ~airdneri  )

Brook trout

Chapman t
Stevens, 1978

Chapman, 197B

McKee & Wolf,
1963

Chapman,
unpubl i shed
(cited)

Accute toxicity,
bioassay

continuous flew
toxicfty tests

Literature review

Bioassay

Katz and Pierre, Toxicity effects
1967

Herbert Toxicity effects
& Shurben, 1965

Brown, 1968 B~oassay

Benoit et al., Bioassay
Salvelinus frontinalis 1976

ppm = parts per million
nnh = nart.s oer bi?lion
[~~0 =“~on~e;~ration  rewired to kil 1 50% of the test animals

Heavy metals
(cadmium, zinc and
copper)

Hydrogen sulfide
H2S

Heavy metals (lead)

Ammonia

Ammonia

Heavy metals (lead)

Heavy metals
( cadmi  urn)

5.2 to 1,755 ug/1

ppm

0.3 to l.Omg/l

6.8 mg/1

0.2 mg/1

1 mg/1

,06 ug/1 .

The 96 hr LC50 values for adult male coho
salmon and steelhead  respectively were 46 and
57 ugll for copper and 905 and 1,755 ugll for
zinc. Mortality induced by cadmium was slow
in onset but 50% wortality  occurred after more
than a week at 3.7 ugll for coho salmon and
5.2 ug/1 for steelhead. Water hardness and
alkalinity affected the toxicity levels.

The 96 hr LC50 values for four juvenile life
stages of king salmon and steelhead  ranged
from 1.0 to > 27 ug Cd/l , 17 to 38 ug Cu/1 and
93 to B15 ug Zn/1. The 200 hr LC50 ranged
from O. J to > 27 ug Cd/l , 7 to 30 ug Cu/1 and
54 to 555 ug ZnlJ. Newly hatched alvenins of
both species were more resistant to cadmium
and zinc. Later juvenile stages were most
sensitive. Copper sentivities showed little
relationship to life history stage. Steelhead
were consistently more sensitive to these
metals than were king salmon.

0.3 and 0.7 mg 1{2s/1 were survived by king
salmon and silver salmon respectively, while
1.0 and 1.2 mg H2S/1 were toxic.

50% of four week old coho salmon were killed
by a four day exposure to lead concentrations
of 0.8 mg/1.

Toxicity of ansnonia to coho salmon increases
with increasing salinity.

Concentrations of ammonia higher than 0.2 mg/1
are toxic to Atlantic salmon smelts.

96 hr LC50 for rainbow trout was 1 q Pb/1 .

Exposure to 3.4 ugfl Cd resul ted in the death
of a significant number of first and second
generation brown trout males during spawning.
This concentration also significantly retarded
growth of juventle second and third generation
offspring. Bioaccumulation of cadmium
occurred in gill liver and kidney tissue and
was directly  related to exposure concentra-
tions. Oepuration  was rapid frwn gills but no
loss was detectabl~  from liver er kidney
tissue.



Species Reference Type of Experiment Petroleum Product Concentration Effect and Evaluation

Juvenile Rainbow Wobeser,  1973 Bioassay Heavy metals 24-42 ug/1 50% of newly hdtched  fry and fingerling rain-
Trout (~. g ai rdneri  ) (msrcury) bow trout were killed by mercury concentra-

tions of 24 and 42 ug/1.

Physiological Effects

Juvenile Coho Salmon Burrows, 1964 Toxicity effects Ammonia
(O_. kisutch)

OTHER FISH

Acute/Toxic Effects

Channel catfish Bonn & Follis, Bioassay
(Ictalurus  punctatus)  1967

Hydrogen sulfide
H2S

0.002 mg/1 Progressive gill hyperplasia  is produced in
fingerling chinook salnm at concentrations of
0.002 mg/1 of amnonia.

1.5 to 10.9 ppm
undissolved sulfides
(0.4 too.9p
unionized H2SY

Fathead minnow Pickerins & Bioassay Heavy metals (lead) 5.6 to 7.3 mg/1
Henderson, 1966

Physiological Effects

Flagfish Spehar et al., Toxicity effects Heavy metals
(Tordanella floridae)  1978

4.3 to 8.5 ug Cd/l
(zinc and cadmium) 73.4-139 ug Zn/1

Bluegill (Le omis Atchison et al., Observation of
f - - -  1977

.lieavy  metals 1.1 to 270 Uq!l
macrochlrus contaminated lakes (zinc, lead, cadmium) suspended in water

and 4.4 to 12.800
ug/g dry weight in
sedimsnt

3 hr TLM’s of unionized hydrogen sulfide for
channel catfish fry ranged from 0.8 ppm at pti
of 6.8 to 0.53 at pH of 7.8. Most deaths
occurred within 10 minutes at the TLM values.
Fingerling catfish were more sensitive than
adults.

96 hr LC50 for fathead minnows was 5.6 to 7.3
mg Pb/1.

Effects of survival on flagfish exposed to
cadmium and zinc as individual metals and as
mixtures showed that the toxicity of the
mixtures was little if any greater than the
toxicity of zinc alone. Cadmium and zinc did
not act additively when conbined at sublethal
concentrations, however, joint action was
indicated, Tissue uptake of one metal was not
influenced by the presence of the other metal.
A significant decrease was observed in the
survival of larvae exposed as empryos to
individual zinc and cadmium concentrations.
H o w e v e r ,  s i m i l a r  e f f e c t s  o n  s u r v i v a l  w e r e  n o t
o b s e r v e d  w i t h  p r o g e n y  o f  e a r l i e r  c h r o n i c  t e s t s .

The relative levels of contamination in blue-
gills from two metal contaminated lakes
closely resembled the relative concentrations
of metals in the water and sediment at each
site. Up to 3.4 ug Cd/g dry weight of tissue,
220ug Zn/gdryweight tissues and6.1 ug Pb/
g dry weight tissue were found in bluegills
from the cmtaminated  lakes. These levels
were significantly above levels found in fish
from uncontaminated lakes.



Species Reference, Type of Experiment Petroleum Product Concentration Effect and Evaluation

Fathead Minnows Mount, 1974

Fathead Minnows Pickering, 1974

Fish McKim, 1974

Behavioral Effects

Channel Catfish Bonn & Follis,
(Ictalurus punctatus) 1967

SHRIMP

Acute/Toxic Effects

Shrimp

S (Penaous duorarum
m a~emonetes

vulgarls)

Nimmo et al.,
1977

CLAMS, OYSTERS, MUSSELS

Acute/Toxic Effects

Oysters Oliveira, 1924

Toxicity effects Heavy metals
(mercury)

Bioassay Heavy metals
toxicity effects (mercury)

Toxicity effects Heavy metals
(mercury)

Bioassay Hydrogen sulfide
H2S

F1 w through Heavy metals
bioassay and (cadmium)
toxicity tests

0.07 too.12 ug/1 Fathead minnows did not spawn and males did
not develop sexually when exposed to mercury
concentrations of 0.12 ug/1. No toxic effects
were noted at 0.07 ug/1.

380 ug/1 Survival, growth and reproduction of fathead
minnow was unaffected at and below a nickel
concentration of 380 ug/1.

Concentrations of mercury in excess of 10,000
times those present in surrounding water have
been found in fish.

sublethal When catfish of varying ages were exposed to
sublethal concentrations of unionized hydrogen
sulfide (0.2 ppm of TLM for given PH) they
exhibited nervousness and excessive awement.

.079 mg/1 to The 96 hr and 30 day LC50’S for pink shrimp
1.285 mg/1 (P. duorarum) were 3.5 mg Cd/l and 0.718 m

C7f/1 resDectivelv. The 96 hr and 29 dav
LCkO’s fbr grass-shri

mp (P. - w;re
0.76 mg Cd/l and 0.12mg~d/l  respectively.
Shrimp bioaccumulated  cadmium up to 57 times
surrounding water concentrations. Bioaccumu-
l~tion occurred at concentrations as low as 2
ug/1 . Exposure of shrimp to cadmium concen-
trations close to LC50’S resulted in blackened
gills, which were sloughed offby surviving
shriw after return to clean water. Cadmium
was also
but at a

.,,

accumulated from contaminated food
much lower rate.

Toxicity effects Hydrogen Sul fide ~drogen sulfide  getiw-ated by a deposit on the
H2S bottomof a bay was an important factor in

causing the death of young oysters.



Species Reference Type of Experiment Petroleum Product Concentration Effect and Evaluation

Oysters Menzel 8 Hopkins, Toxicity effects Formation water Discharae  of 6000
1951 and 1953

American oyster Calabrese et al., Bioassay
(Crassosterea 1973
vlrginlca)

American oyster Calabrese et al., Bioassay
(Crassostrea 1973
virginica)

barrelsjday

Physiological Effects

American Oyster Pringle,  1968 Bioassay
(Crassostrea
vlrginlca)

Oysters, diatoms, Mackin,  1950 Aquaria
and algae

Behavioral Effects

Heavy metals (nickel) 1.180 m/1

Heavy metals (lead) 1.730 mg/1

Heavy metals (lead) 100-200 ug/1

Formation water

Bivalves (MYlilis Capuzzo  and Toxicity effects Heavy metals
edulis and Sasner, 1977 (chromium)
=enaria)

Oysters Lunz, 1950

OTHER AQUATIC SPECIES

Acute/Toxic Effects

2.5 ppt

0 . 0 1  mg Cr/g  c l a y
to 1.2 mg Cr/g clay
and 1 mg Cr/1 sea
water

oxicity effects Louisiana formation 10,000-100,000 ppm
water

W!!!!!k!!!sw Biesinger  & Bioassay
Christensen, 1972

Heavy metals (nickel) 130 ug/1

Trays of oysters within 25 ft of the effluent
suffered heavy mm-tal ities. Mortalities were
noted out to 75 ft with evidence of stunted
growth to about 150 ft. There was suspicion
of stimulated growth from 150 ft. to about
500 ft.

One-half the enbryos of American oyster were
killed after a two day exposure to nickel
concentrations of 1.180 mg/1.

One-half of a test population of oyster eggs
were killed by a two day exposure to 1.730
mg/1.

Long-term exposure to lead concentrations of
100-200 ug/1 causes considerable atrophy and
diffusion of the gonadal tissue, edema and
less distinction of hepatopancreas and mantle
edge of the American oyster.

Over a 4 ninth period, heavy growth of the
plants occurred and the oysters stored signif-
icantly more glycogen  and had lower mortality
than controls.

Reduction of filtration rates and disturbed
ciliary activity were observed in response to
uptake of dissolved chromium by M a arenaria

Aand uptake of dissolved and part cu ~d
chromium by Mytilus edulis. Inefficient
tetention of food pa-s (due to slower
erratic nmvement  of the cilia) and a reduction
in oxygen consumption were also observed.

A significant decrease in pumping rates of
oysters occurred at 100,000 ppm. Pumping
returned to normal after oysters were returned
to clean water. No changes in pumping rate
were noted at 10,000 and 50,000 ppm.

A three week exposure to a concentration of
130 ug/1 nickel killed one-half the population
of Oaphnia magna.



Species Reference Type of Experiment Petroleum Product Content rat ion Effect and Evaluation

Copopod Gentile, 1975 Bioassay
(Arctia tonsa)— .

Heavy metals (nickel) 625 ug/1 A four day exposure to nickel concentrations
of 625 ug/1 killed one-half of the population
of the mar~ne copepod. Arctia ~.

Benthic  organisms Armstrong et al., Observation of
1979

Formation water Undiluted effluent
15 ppm total oil,
1.62 ppm total
naphthalenes

Sediments 15 m from brine outflow in a shallow
bay had hydrocarbon concentrations 4 times as
great as concentrations in the effluent while
bottom water 15 m from outfall had 3orders of
magnitude ?ess. The bottq was  devoid of
organisms within 15 m of outfall and benthic
faunas were severely depressed at 150 m. Use
of a second temporary outfall resulted in
rapid buildup of naphthalenes  in the surround-
ing sediments which persisted for at least 6
nonths following shutdown. Benthic fauna was
also severely depressed near this outfall.

Outf low

Bottom and Pelagic Mackin, 1971
Consnunities

Toxicity effects Studies of formation water discharge in 6
oiifields in Texas estuaries showed bottom
connwnities almost totally destroyed within
50 feet of heavy discharges with lessening of
effect. out to 300 ft. A zone of stiwlated
growth was observed from 400 ft to several
thousand feet out.

Formation water

‘GYrcaptans
Hydrogen sulfide and chemically similar
mercaptans (RSH) are poisonous to most fish
and most invertebrates at levels up to 1 ppm
H2S. ‘

Fish and invert. Shaw, 1976 Literature rev
water quality

<1 ppmew

Physiological Effects

!M?!!W!!!%W Biesinger  6 Toxicity effects
Christensen, 1972

o.3ug/l Daphnia  major (a small zooplankton  organism)
showed 16% reproduction impairment when
exposed to a lead concentration of 0.3 ugll.

Heavy metals
(lead)

Heavy metals
(nickel)

A 16% reproduction impairment was observed in
Ba hnia ma na exposed to nickel concentrations
Ff%iig71!-

!EE!w W9!!a Biesinger  & bioassay
Christensen, 1972

Daphnia sp. Anderson, 1944 toxicity effects

sublethal

4 . 3  to 7.5M9:I

2.3 ~

Toxic effects and symptoms of insnobility  in
Oa hnia sp. occur at concentrations of 4.3 to
X!-Xj-W.

Heavy metals
(arsenic) .

Reduced growth of fish, bottom fauna and
plankton occurred at concentrations of arsenic
of 2.3 mg/1.

Aquatic species Gilderhaus,  1966 Toxicity effects
(freshwater)

Heavy In@tals
(arsenic)



O i l  p o l l u t i o n  a l s o  r e d u c e s  t h e  n u m b e r s  o f  f i s h  a n d  s h e l l f i s h

which are available to the fishery. The reproductive and early
development stages of fish and crustaceans life history are the most
vulnerable. Many fish species, such as Pacific salmon and herring,
seasonally concentrate in small areas along the coastline and con-
tamination of these important or crit ical habitats and the loss of these
populations could have serious consequences on commercial fishing
(Michael , 1976). Also of importance is the avoidance of oil polluted
areas by target fish and the reluctance of fishermen to use their boats
and gear in oil contaminated waters. Fish in the area of a spill are
often tainted with an oily or chemical taste making them unpalatable
and therefore undesirable for human consumption (Nelson-Smith, 1973).
Even if  no tainting has actually occurred, the public is often reluc-
tant to buy fisheries products from areas where there has been an oil
spill  or which are known to be polluted. The majority of oil  spills
in Lower Cook Inlet are related to drilling platform activities although
the largest (volume) spills are caused by tanker accidents and submarine
oil  pipeline ruptures (FERC, 1978) .

Table 54 and Figure 82 show the locations of.~ajor fishing areas
and proposed exploratory drilling platforms in Lower Cook Inlet and
Shelikof  S t r a i t .

Potential Shore-based Facilit ies-Tanker Terminals

Impacts on the marine ecosystem by shore-based facilities arise
f rom habi ta t  des t ruc t ion  (s i te  prepara t ion  or  a l te ra t ion) ,  s i l ta t ion  of
adjacent waters, the use of cooling waters,  oil  pollution, and inter-
ference with commercial fishing.

Habitat  destruction and alteration occur during the clearing,
grading, fi l l ing, and paving required to construct buildings, build
access roads, and establish util i ty right of ways. The amount of
habitat  altered by construction activit ies will  depend on the avail-
abili ty of existing onshore facili t ies such as construction docks,
r e f i n e r i e s , and tanker terminals.

As a result  of site preparation processes, habitats of local fish
and wildlife populations are often altered or destroyed. Species that
are  sens i t ive  to  d is turbance  wi l l  abandon the  area  (USFWS, 1978d).  If
site preparation alters a small part of a species habitat and if the
surrounding area is not at peak carrying capacity, the displaced species
may successfully relocate nearby. However, if the disturbed area is
large in relation to the total available habitat  or if  a species has
specific habitat requirements and the area destroyed provided the only
suitable habitat, the species may be eliminated from the area. I t  i s
also possible that site preparation could create new habitat which will
be colonized by different species from the surrounding area (NERBC, 1976).
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Table 54

LOCATIONS OF MAJOR FIStil NG AREAS NEAR PROPOSED EXPLORATORY DRILLING PLATFORMS
IN LOWER COOK ?NLET AND SHELIKOF  STRAIT
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Fiaure 82. Locations of major fishing areas and proposed exploratory drilling*-
platforms in Lol~fer Cook ~~let and Shelikn+ Strait.
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Site preparation in wetlands can alter the water and drainage patterns.
The resulting vegetation changes may in turn change the composition of
fish and wildlife species using the area (NPRA, 1978).

Siltation of marine and fresh waters occurs during construction as
natural ground vegetation is removed and soils are exposed to the erosional
processes of wind and water. Siltation of adjacent shoreline habitats can
also occur if the shoreline is altered, therefore changing current pat-
terns and altering longshore sediment transport. siltation blocks light
penetration to aquatic organisms and can eventually change an aquatic
habitat to a terrestrial habitat. In addition to sediments, runoff from
construction sites often contain contaminants, including metals from
welding, riveting and paint spills; oil and chemicals; bacteria and
other undesirable matter, all of which may pollute coastal waters. Fresh-
water storm runoff flowing into nearshore waters changes the salinity and
increases the stress on coastal marine resources (USFW, l~78c).

Shore-based facilities requiring cooling waters withdraw these
waters from nearby lakes, estuaries, rivers, and wells. The aquatic l ife
in these natural waters is threatened by passage through plant cooling
systems (entrainment), by entrapment on the protective screens of water-
intake structures (impingement), by the discharge of heated water into the
aquatic environment (thermal pollution) and by the addition of chemicals
to kill built up algae, bacteria and plankton growth (chemical pollution)
(USFWS, 1978d; Murarka,  1 9 7 7 ) . The quantity of water required by closed
(recycled) cooling systems is much less than that required by open (once
through) systems, therefore the impacts, although the same, are on a
smaller scale.

Although development dril l ing, production, transportation of oil,
and oil processing have been chiefly responsible for most of the world’s
major and minor spills,  shore-based support activities and facili t ies,
such as fuel storage areas, refueling stations, and support bases, are also
regular sources of spilled oil . Table 55 gives a breakdown of marine oil
spills (by activity) in addition to other sources of oil  in the marine
environment. Oil spills attract considerable public attention because of
their catastrophic impacts but the long-range impacts from chronic oil
contamination may be a more serious ecological problem because of the
slow, steady degradation of the ecosystem (Michael, 1976). Onshore
sources of chronic oil  pollution include effluent from refinery and
petrochemical plants,  and discharges from vessels,  tankers and ballast
water  t rea tment  fac i l i t ies . The impacts of oil pollution on marine life
are discussed under section I. A. e.

Shore-based facilities can compete with commercial fishermen for
dock space, fueling, repair and other facili t ies increasing the costs
and time spent on these activities. Nearshore fishing areas such as clam
beds and set net sites may be eliminated by the filling of intertidal
areas and the construction of onshore facili t ies and docks. P i e r s ,
causeways, and docks may also change nearshore fish movement patterns,
diverting them from once productive fishing areas.
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Table 55. BUDGET OF PETROLEUM HYDROCARBONS INTRODUCED
INTO THE OCEANS (BLM, 1976)

Input Rate (million metric tons)

Source Best Estimate Probable Range Reference

Natural seeps 0.6 0.2-1 .0

Offshore Production 0.08 0.08-0.15

Transportation
Lot* Tankers 0.31 0.15-1.0

Non-Lot* Tankers 0.77 0.65-1.0

Dry docking 0.25 0.2-0 .3

Terminal Operations 0.003 0.0015-0.005

Bilges Bunkering

Tanker Accidents

Non Tanker Accidents

Coastal Refineries

Atmosphere

Coastal Municipal
Wastes

Coastal Non Refining

Industrial Wastes

Urban Runoff

River Runoff

TOTAL

0.5 0.4-0.7

0.2 0.12-0.25

0.1 0.02-0.15

0.2 0.02-0.3

0.6 0.4-0.8

0.3

0.3

0.3 0.1-0.5

1.6

6.113

Wilson  etal. (1973)

Brummage  (1973)

Feuerstein  (1973)

Storrs (1973)

Storrs (1973)

Storrs (1973) ,  Hallhagen
(1973)

II II

*Lot: Load to top.
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In Kachemak Bay, the rocky, relatively shallow (less than 30m.; ’30 ft,
depth) nearshore areas are of prime importance as rearing areas for post-
larval king crab. The Anchor Point to Bluff Point area, in particular, is
considered criticial  to the maintenance of king crab stocks within the
Bay. Any disturbance, such as dredging during construction activities
could result in a major impact to the kin crab resources of Kachemak Bay

!and Lower Cook Inlet (Trasky  et al., 1977 .

The majority of the diatoms and some of the macrophytes found in the
stomachs of commercially important shrimp (pink, coonstripe  and sidestripe)
in Kachemak Bay are species common in the marsh/mud flat areas along the
south side of the Bay. Disturbance of these marsh areas could have an
adverse impact on shrimp resources of Kachemak Bay by destroying potential
food organisms or the productive capability of the marshes themselves
(Trasky e t  a l . ,  1977) .

Table 56 shows the disturbances caused by the various proposed shore-
based facilities in Lower Cook Inlet and Shelikof  Strait.

Pipelines

Laying Operations

Dredging during pipeline laying affects fish resources in the
coastal environment by 1) the physical destruction of benthic habitat,
2) altering water quality through the suspension of sediments which may
contain toxic chemicals and have a high biological oxygen demand, 3)
smothering benthic organisms when suspended silt and over burden are
deposited on adjacent areas, 4) modifying water circulation patterns
through the alteration of natural bottom contours and features, 5)
modifying salinity concentrations in estuaries by changes and disruption
of freshwater inflow, and 6) direct mortality when marine life is swept
into dredging equipment. The effects of dredging may be short or long-
tenm,  depending upon the area dredged, the amount of material removed
and the extent to which bottom contours and natural features are altered.

Submerged bottoms, coastal wetlands and tidelands may be destroyed,
drained or drastically altered by dredging (St.  Amant, 1971). Fish
spawning areas may be destroyed by filling in or disruption of the sub-
strata (Morton, 1977). Alteration of circulation patterns within bays
or estuaries may displace plankton and food species to a different
environment. The resuspension of bottom sediments causes the water to
become turbid limiting the amount of light entering the water column.
When light penetration is reduced, the growth rates of phytoplankton
are reduced limiting the amount of food available to marine food webs
and lowering oxygen levels in the water column. Heavy loads of sus-
pended sediments on filter feeding aquatic organisms (i.e. razor clams)
cause abrasion of gill  fi laments,  clogging of gills,  impaired respiration,
impaired feeding and excretory functions, and reduced growth and survival
of  la rvae . If dredging occurs in locations where industrial effluents

495



:c:+:\:'

'b o

4".

('. . 4_. C'. I'. 6

* TabIe: 5 6 D1STUIU3ANCES  CAUSED BY PROPOSED SHORE-BASED FACILITIES
am

Lower
Kachemak Bay Central Kamishak ~ennedy Entrance Kalgin Island Shelikof

7A.. Bay Strait
-----

Z7-77-7AC7V77’X-77

/
.

/7 / / / /+’/ H

HAt31TAT  DESTRUCTION
(SITE PREPARATION x x x x ? ?AND ALTERATION)

SILTATION x x x x ? ?

COOLING  WATERS x x ? ?

OIL POLLUTION x x x x ? ?

INTERFERENCE WITH
COMUERC8AI.  IVSHIN a x x ? ?

L d

H / / #

x x x

x x x

x x

x x x

x

-

[’” ‘fx x x x

x x x x

I x x

~F–_,i
II xix x x

I1
x?



have previously been discharged into marine waters, toxic and oxygen
d~anding chemicals may be released into the water column (Cardwell et.
a l . , 1976).

High pressure water jets are used to bury pipelines by blowing away
the sediment underneath the line. The pipeline then sett les into the
trench where the sediment was displaced and is covered over by backfill-
ing or by natural sediment transport processes. This dredging technique
disturbs the bottom habitat and causes suspension of solid particles i n
the water c o l u m n  r e s u l t i n g  in  turb id i ty  and the  d isp lacement  or  burial
o f  benthic o r g a n i s m s . T h e  i m p a c t s  o f  t u r b i d i t y  o n  benthic o r g a n i s m s  h a v e
been reported to occur 200 or more feet (60 meters) from the pipeline
cons t ruc t ion  s i te  (USFWS, 1978b). When pipeline corridors are selected
along bedrock, underwater blasting may be used causing marine organisms
in the vicinity to be kil led (NERBC,  1976) .  L o n g  t e r m  d a m a g e  f r o m
h a b i t a t  d i s r u p t i o n  i s  more  l ike ly  to  occur  i n  n e a r s h o r e  a n d  o n s h o r e
a r e a s  b e c a u s e  o f  evnironmentally s e n s i t i v e  h a b i t a t s  s u c h  a s  e s t u a r i e s
and wetlands. Positioning of the pipeline landfall  is extremely impor-
t a n t . Special construction procedures must be followed to protect the
in tegr i ty  of  dunes ,  barr ier  i s lands ,  wet lands ,  es tuar ies ,  in ter t ida l
areas and other sensitive areas at the marine-land interface (NERBC,1976).

The primary impact of onshore pipeline construction is the destruction
of vegetation and the associated change in habitat  (NPRA 1978).  Pipelines
crossing streams can impact fish habitat by disturbing the benthos and
producing temporary or permanent blockage to fish and nutrient movements
(USDI, 1972 and USDI, 1976 in NPRA, 1978). Sediments suspended by
construction activities can cause adverse impacts on fish and their food
sources. Turbid waters block light transmission reducing the visual
feeding range of fish and decreasing primary productivity thereby limit-
ing food sources for fish (Lynch et at., 1977). The direct effects of
turbidity on adult fish may be less harmful than the effect of turbid
waters on primary productivity and food organisms upon which fish depend
for survival (Hesser et al., 1975). In addition, fine sed-
juvenile fish by causing inflammation of the gill membranes
death. Reports show that fry and fingerling trout reared “
water are more prone to bacterial infection of their gills
a l . ,  1977) .

Increased siltation in streams affects the quality of

ments affect
and eventual
n turbid
(Lynch et

f i sh  habi ta t
by covering it with a uniform substrate , eliminating protective hiding
places for fish and by filling in pools where fish may overwinter. Fish
spawning areas may be greatly impacted. The deposition of sediments
reduces the flow of oxygen containing water through the interstitial
spaces in the gravel, suffocating eggs, embryos or alevins (Lynch et al.,
1977).

In Kachemak Bay the rocky, relatively shallow (less than 30m. 90 ft.
depth) nearshore areas are of prime importance as rearing areas for post-
larval king crab. The Anchorage Point to Bluff Point area, in particular,
is considered critical to the maintenance of king crab stocks within the
bay. Any disturbance, such as dredging during pipeline laying, could
result in a major impact to the king crab resources of Kachemak Bay and
Lower Cook Inlet.
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T h e  m a j o r i t y  o f  t h e  d i a t o m s  a n d  s o m e  o f  t h e  m a c r o p h y t e s  f o u n d  in t h e
stomachs of commercial important shrimp (pink, coonstripe and side-
stripe) in Kachemak Bay are species common in the marsh/mud flat areas
along the south side of Kachemak Bay. Disturbance of these marsh areas
could have an adverse impact on shrimp resources of Kachemak Bay by
destroying potential food organisms or the productive capability of the
marshes  themselves  (Trasky et al., 1977).

Figure 83 and Table 57 shows proposed pipeline corridors in the
geographical areas of Lower Cook Inlet.

P i p e l i n e  B r e a k s  &  C h r o n i c  L e a k s

The annual anticipated oil  spillage from pipeline br~aks  in L o w e r
C o o k  I n l e t  d u r i n g  p e a k  p r o d u c t i o n  r e s u l t i n g  f r o m  Cook !nlet S a l e  N o .  C l
is p r e s e n t e d  o n  T a b l e  5 8 . L o n g - t e r m  s t u d i e s  o f  SE+VQPai major o;I spills
i n d i c a t e  t h a t  oil h a s  t h e  f o l l o w i n g  e f f e c t s  o n  marine life: 1 )  d i r e c t
kill of organisms through coating and asphyxiation, 2) direct kill
through contact poisoning, 3) direct kill through exposure to water
s o l u b l e  t o x i c  c o m p o n e n t s  o f  oi l  a t  some d is tance in space  and  time f r o m
the sDill.  4) des t ruc t ion  of  the  sens i t ive  juvenile  forms, 5) d e s t r u c t i o n
of the fo~d sources of higher organisms, 6)-incorporation-of” sublethal
amounts of oil  and oil  products into organisms, resulting in failure to
reproduce, reduced resistance to infection, or physiological stress,  7)
contraction of diseases due to exposure to carcinogenic components of
oil, 8) chronic low level effects that may interrupt any of the numerous
biochemical or behavioral events necessary for the feeding, migration,
or spawning of many species of marine life and 9) changes in biological
h a b i t a t s  (Blumer  etal., 1 9 7 0 ) . Oil polluted marine waters affect
humans  by  reduing  recreational opportunities,  tainting the flesh of
commercial species of marine fish and crustaceans (e.g. halibut, clams,
crabs, and salmon) and reducing commercial fisheries production (Blumer
etal., 1970).

The effects of marine oil spills on marine ecosystems vary based on
1) type of oil  spilled, 2) amount of oil  spilled, 3) physiography  of the
spill area, 4) weather conditions at the time of the spill ,  5) biota  in
the area, 6) season of the year, 7) previous exposure of the area to
oil, 8) exposure to other pollutants, and 9) method of treatment of the
s p i l l  (USFI$5, 1978b). The effects of oil pollution on key species in
Lower Cook Inlet are discussed in Section 1.A.

t h e

Figure 83 and Table 57 show locations of proposed pipelines in Lower
C o o k  Inlet and Shelikof  Strait . Table 51 discusses the relative sensi-
t iv i t ies  of  key  species  to o i l  p o l l u t i o n .
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Table 57,
PROPOSED PIPELINES IN GEOGRAPHICAL

Kal g’

AREAS OF LOWER COOK INLET

Area proposed  Pi,peline?

n Island Yes

Kachemak Bay Yes

Kamishak Bay No

Lower Central Zone Yes

Shelikof Strait No

Kennedy Entrance Yes
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TABLE 58 ANTICIPATED ANNUAL
MARINE ENVIRONMENT
RESULTING FROM THE
NO. CI (BLM, 1976)

OIL INTRODUCTION TOTI+E
DURING PEAK PRODUCTION
PROPOSED COOK INLET SALE

Maximum Cumulative 2 5
Annual Spillage Year Total

Location Source Barre ls Barre ls

Lower Cook Inlet Pipeline Accidents

Formation Water

Spills from Platform
Fires

5,800

780

9,900

48,000

19,500

82,000

Overflow, Malfunction
or Rupture

Minor  Spi l l s  (less than
50 bbls)

Subtotal ‘

Transpor ta t ion Tankers
Route

TOTAL

185

550

; ,500

13,75(I

17,215

54,400

164,750

450,000

71,615 614,750
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Tanker Routes

Tanker Spills Along Routes

This was discussed above under Drilling Platforms, Acute Oil
S p i l l s .

I n t e r f e r e n c e  w i t h  Fishinq  A c t i v i t i e s

Potential  conflicts between oil  tankers and fishing activities
are similar to those discussed under dril l ing platforms and include
loss of fishing habitat from over crowding and increased navigational
problems, interference with and destruction of gears competit ion for
space and services, and oil contamination and tainting front spills
and ballast waste water disposal. Although the major~~y ut oil spills
in Lower Cook Inlet are related to dril l ing platforw ~!c+ivlties  the
largest volume spills are caused by submarine oil pipeline ruptures
and tanker accidents (FERC, 1978). The annual anticipated oil tanker
spi l lage  dur ing  peak  product ion  resul t ing  f rom Lower Cook In let  Sale
N o .  C l  i s  e s t i m a t e d  t o  b e  5 4 , 4 0 0  b a r r e l s  ( T a b l e  5 8 ) .  T h e  e f f e c t s  o f
oil  spills (chronic and acute) on commercial fish species are dis-
c u s s e d  i n  s e c t i o n s  I.A.e.

Table 59 and Figure 84 show locations of major fishing areas
within proposed marine transportation corridors in Lower Cook Inlet and
Shelikof S t r a i t .
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Appendix Table 4. Juvenile chum salmon  food item mean  weights z standard err’.ar  in niil 1 i grams from fish COI lected in Cook Inlet in 1978.
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Insect adults

Chaetoanaths
Larvaceans

Unidentified invertebrates
Fish eggs

t
t t
t

1:0 3+2—
t 1:0

t
552 37 229 7+4 t

t
tt

t t
t

1+1 2 + 2

t

‘2+2—t

t
5~3 _3 + 3

t

t

t
1+1t _

20+2078~46

3i3 3:3

1 +.0 15+8

21+9 Z6~7
4+4 2 + 2

2;13~2 _
1+0

13+5 43 +22

4+3 2:1
t 7+4

17 + 3 8:2
t t

t t

t t

t
I+ot

t
1:0 z~l

t
1824

t t
t

2+1 14:5

5T2 27 ~ 12

t

t t
l:o _3+2

24~9 13:7

t

t t

107 ~ 54 300:68

t t
t t

2:1 2+2

1:0
t t

1:0

10+6

t 1:0
2:2 26+6

1+1

t t
20z8 67 L29

1:1

unidentified fish larvae

Capelin larvae
Herring larvae
Herring juveniles
>. UIP, ” l~r”ae

Stichaeid  larvae
Flounder larvae

22116 _4+4 48~20 111 + 84

40 120 5:5

14 ~14 12+9

37 y37

37 ~37

t

Number of fish examined 2S 25 17 25 26 26 10 10 15

‘pe,’ix  Table 5. Juvenile coho salmon food item mean  we!ghts L standard error in milligrams from fish collected in Cook Inlet in 1978.

APRIL MAY
ITW

.3uNE JULY
~ 1-15 16-3T ~5

AuGuST SEPTEMEER OCTOBER
16-36 l-n . . 15 6-3f 1-15

Un(dent?f ied crustacean
1 arvae

Copepods . cala”oid

Copepods  - other
Cumaceans

Gamnarid amphipods

Eupha. s~ids

Shrimp larvae
Pagur]d qlaucothoe

Vnidentiffed  majid zoeae

Unidentified mdjid nk?qalops
Insect larvae
Insect adults

Chaetoynaths
Un{dentlfied fish larvae

Snake pr{ckleback  larvae

Sand lance larvae

3 6+6

8 7
1+1

210 1;1

8 28 T 22 7f7

373
7+7

339:339

2131213
36 ~ 36

42 ~ 42

2191219 _6 + 4

871
2112141 249

871
569~329

81

Number of fish examined 1 2 4 1

527

— .---—-—-...—



J+j

s j

c

;3 1+0
32

.J + j

a ;
2+3

Appendix Table 6. Juvenile sockeye salmon food Item Man weigh~s  ~ standard error in milligrams from fish collected in Cook Inlet in 1978.

APRIL 14AY JUNE JULY AUGUST
ITEM

SEPTEMBER OCTOBER

m 1-15 16-3T  1-15 16-36 1-15 . . 16- 3~ 1-15

AI gae

Polychaetes

Gastropod vel 1 gers

Unidentified crustacean larvae

Cl adocerans

Copepods-calanoid

Copepods-ot  her 76

Cirripede  naupli  i

Civripede  cyprids

(irripede casts

Cumaceans 7

[so pods

Gamnarid  amphi pods 7

Caprel  1 i d amphi pods

Unidentified decapod  1 arvae t

Shrimp larvae

Unidentified anomuran Zoeae

Paralithodes  camtschatica  zoeae

Unidentified cancrid mgalops

Telmessus  cheiragonus  megalops

Insect parts

Insect larvae

Insect adults 7

Fish eggs
Unidentified fish larvae

Herring larvae

Sand lance larvae

53 + 23

t 1;0

t
755

16 + 10

4 + 2

724

13~9 44+ 11

109:40  -

1!3 +16 19:9

1429
13 ~ 13

15 16Number of fish exa~ined 1
—

Appendix Table 7. Juvenile chinook salnmn fond item mi?an weights ~standard error in milliqram$  from fish collected *n Cock Inlet in 1978.

APRIL MAY JUNE JULY AuGuST SEPTEMBER

I T E M m
OCTOBER

%31T 1-15 16-3T  1-15 16-3~  1-15 16-3~  1-15 1-15

Unidentified crustacean larvae t 20~9 553 2fl

Cirripede casts
gig

Mysids
16 + 16

Gammwid amphipods 1:1 8

Pagurid  zoeae 11 ill 352

Pagurid  glaucothose 120 ~ 64 2

Unidentified majids
616

Insect larvae 1729

Insect adults 6~4 lo~4 95 ~ 37 80 ~ 42 415

Unidentified fish larvae 24~20 133L16 52~29 128245 24

Unidentified fish juveniles 68168

Herring larvae 136139 104~24

Stichaeid larvae 3:3

Number of fish examined 11 14 B 10 1

. . . . --- .——- .-—-——  - .—— —- .__<___ —. —.. - —

528



8+8r 
3 8E8E 

ApDendi K Table 8. Juvenf  Ie dolly varden food t ten mean Nei Qhts  ~ standard error !. mi 11 i grams  frcm fish collected in Ccmk Inlet In 1978.

___— ——.. . ..—
APRIL !4AY JUNE JULY

FW3D ITEM T-i-m ~-~m
AuGUST SEPTE.M8ER

T-~-76
OCTOBER

T-75--m 1-15 3T ~-~ m 7
. . . — . . —. . —. ..— —. .—— —— --——- —. ————

AIQae t
57 + 57 5:5

t t 4:4 3:3
9:9

t t t

4~4
t t

t

2+2
t

Polychaetes

Gastropod veligers
Gastropod adults

Bivalve larvae

Pseudosccrp?oni.j
~:,  .f~rs

t

v> Ces

Unidentified crustacean larvae

Unidentified crustacean adults
1+1 2:1 _1+1

t
t 5:5 t
t 313 7~5

t t t

Copepods-cal.ano{d

Copepods-other
Cirvipede Cypvids

t
13+s 76 + 3?

10:10 _1;0
t 1:1

27:20 9:9
7t6 25:10
9~5 3~2

116 :45 269 :87

2~2 t
23 :23 14 :14 2:2 4~3 37 237 711 :445 331 :262

142 ~ 73 75:31 18:16  261 :178

C$rripede  casts

Mysids

Cumaceans

[sopods

Gamnartd  amphipod$
Euphausifd$

Unldenti  fled decapods

Shrimp larvae

Shrimp adults

8~7 t
326 186 1342 x324 465:118 953:372 1111:333 575:314 17 :293

35 ~ 35
663 ~342

t

4~4 12:12

t

Unidentified anomurans
Pagurid  zoeae

Pavalithodes camtschatica Zoeae

Unidentified brachyurans
Chionoecetes bairdi megalops
Unidentified cancrid  larvae

t
t
t
t1+1 8:8

114z60116151
2:2

184 ~ 116Telmess”s cheirwonus  magalops

Cancer  m.wister megalops
Insect parts
Insect larvae

Insect adults
Unidentified invertebrates

Fish eggs

Unidentified fish Iarvde
Mewtnq  larvae
He..,  ng juveniles

Salmon fry
Chum salmon fry

Lonqfin smelt larvae
Greenling juveniles

Sculpin  larvae
Irish lord larvae

Steghorm  sculpin larvae
Snake prtckleback  larvae
Sand lance juvenlle$

43 + 20

7~T _26 + 22 287 :125 8~8 t 12:12
.Y2 + 18 51:34186+84 25:21 137:105 ]4 :13 6LI~57

t 13 :12

64 ~44 18: 15 122 :86 161 :161 193 ~103 288 : 149 56 :42
4+4 6g % 69 213 :213 431 :241 445~445

154: 154
85 + 8518:18

20 ~ 20
20 ~ 21J

161:112

2:2

710:710

10

50 + 50

1 20 22
1 1

Number of fish examined
Number of empty  stomachs

25 25 25 10 10 15 15
1 1— __— — . . . . ..— —

ApOe”dix Table  9. adult  dol lY varden  food item mean weights ~ standard error in mi 11 igrams  frOm  fish CO I Iected  in Cook  Inlet fn 1978.

APRIL MAY JUNE JULY AUGUST SEPTEWER 0CT08ER
FOOD !TEM m 1-15 T6-31 1-15 16-30 )-15 16-31 1-15 16-W 1-15 16-30 T

POlychaetes 8370T8370
Telntess”s  cheiragonus megalops 65:65
Sand lance jweni Ies 13,392:3531 3705:3705
Herring ]uveniles 27,138:9082
Pink salmon  juveniles 208~208

Capelln larvae 143w_1430
Ualleye pollock juveniles 4120:4120

Irfsh  lord larvae 365~365

Unidentified f{sh parts t

Number of fish e.xamlned 4 4
— —.

529



Appendix Table 10. Capelin food, item maan weights ~ standard error in miTli9rams fnm fish cOl~ected $n COOk ln~et jn 1978.

FOOO ITEM
AP_lflJ MAY J U N E JULY AUGUST SEPTEMBER ~f~
11-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 .16-31 1-15 16-30

Cirripede  naupl  ii
— .

2+2,

Cirripede  cyprids t

Gamnari  d amphi pods t

Number of fish examined 10
Number of empty stomachs 9

—— . . . . ..— .. —-.-—-- . . . .

.4rmendlx Table 11. Long fin swlt food item mean we f9hts  ? standapd errflr jn mflli9ram5 frOm fish cOllected in COok Inlet in 1978

.—
APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBL?

F92G : ‘Zq m 1-15 16-31 1-15 6-30 1-15 16-31 1-15 16-3i  1-15 16-30 ~-

Polychaetes 1+1 t—
Bi,/alve  larvae 353

Unidentified crustacean adults t

Copepods-cal  anal ~ 5~3 t

Copepods-other 2:1 5:2

Cirripede  naupl  ii

Ci rri pede cypri ds

Mysids

Cumaceans

Isopods

Gamnarid  ampht pods

Shrimp larvae

Unidentified anomuran Zoeae

Pagurid  zoeae

Chionoecetes  bairdi maqalops

Telmessus  cheiraqonus  zoeae.—
Larva ceans

Fish eggs

Unidentified fish juveniles

Number of fish examined

t t
7+0 1:0

6~6
lfl 6~5

17:9 8L4

91225 28+26
z9~11 23~12

3 + 2 t
1+1

32~17

t

t
2+2 t

t

15 10

N.mber of empty stomachs 1
——

Appendix Table 12. Surf smelt food item mean weights ~ standard error in mil 1 i grams from fish CO1 lected in Cook Inlet in 1978.
——

FOOD ITEM
A~R~L M A Y JUNE JULY AUGUST SEPTEMBER
11-30 T-15 16-31 1-15 16-30 1-15 16-3i

OCTOBER
1-15 16-31 1-15 16-30 T

. ..—
Copepods “— 71

Cirripede  cyprids 4

lS(lDOdS 39

Shrimp larvae
/

116 ,,

N“mtwr  of f i s h  e x a m i n e d 1
— — — . — .  . — —  — —  .  . _— -. — - — . — — – - - — — -  - -

Rvce~dY~  Table 13. Saffron cod food item mean weights ~ standard error in mill i9ramS from fish collected in Cook Inlet in 1978.

APRIL MAY JUNE JULY AUGUST SEPTEMBER
FQOD ITEM 11-30 1-15 16-3f

‘ OCTOBER
1-15 16-30 ~ 1-15 16-31 i-15 16-30 - T 7 1 -

— . .
Ganrnarld amphipods 23B0

.
Isopod$ 2530 .

Number of fish examined
.

1
(— . . .  - - . . . .____ . .._— — _.— — .——. ———

,! , 5 3 0



Aop,nd,  , Table  1 4 .  ualleye Dollock  food  Item  mea,  w e i g h t s  : Standa.d  e.ro,  f“ milligrams  frc.n  fish  collect  1“ Cook l“let In 1 9 7 8 .

lTfM
APRIL WAY JUNE JULY AUGUST SEP1EM8ER OC1OBCR
~ T-15 16-~ 1-15 16-36 ~m 1-15 16-31 m TO T

—. -- ————  .. ———  —— .— . . ..— — ..— —
Poly,  haetes 2:2
Coo,mds  -Ca 1 ,“04 d 1:1
Copepod s-other 1+1

CPr.t Peale  .a.pl  ii 1 + 1

[>rrlw?de  cyp,ids 1.1

Wid5 8:8

C.nmce.ins 2:2

Gamna rid .m!+hlPod5 31 :13

Unl dent 1 fied decacats 20~13

Sh.>mP 1,,”., I3:1O

Cb! onoecetes  bat  rdi nmga lops 156 :48

J.identlf{ed  f i s h  larvae t

tiunber  ,+  fish exam{wd 10

.—. —.

kppendfx  T&ble  15.  J u v e n i l e  whfteso.tted  9.Penli.9  f o o d  {tern  mean  w e i g h t s  : s t a n d a r d  err.ar in mill{  g.ams  frcm  fi5h c o l l e c t e d  I n  cook In le t  in  1978.

fiPRIL WAY JUNC JULY AuGuST
FOOD ITEM lT35  1-15 16-31 1-15

SEPTC!6BER
1 6- SO T-15

0CT08[R
31 l-T5----TGJr  1 - 1 5 16-f6 –T

——— - . ——
Polychaetes

Ostracods t

Co@epods-calanOid 1+? 9y4 t

Cooepods -other 4~z 5:2 16:6

Clrrlpede na.pli,

[!rripede CyP.  )ds t t t

C.maceans 1:1

Garfmmrfd ampht pods 1:1

Unidenttf$ed  decapods t

ShrfmD  larvae

Telmess.s  the{ rago”us  mqa10P5——
Insect adults t

Fish  eq% 1:0

U.{denttf  ied  ftsh larvae 2~2

Numb,.  0$ fish examtned 4 3 13
.—

1:0

1:1

t

t

1 :.1

1:0

20:11

3:?

1:1

11

hx.d,x  Table 16.  Mull  .h~teswtted  W’ee,ljw  faOd  ,t~ man ~fght5 : ~ta,da,d  erwr $. mf11j9rams  f,~ f+sh  collected f. Cook lnlEt  *n 1978

APRIL
rCQD  I T E M

NAY JUNE JuLY AuGuST SEPT2HBER OCTOBER
11.30 ~-15 16-31 1-15 16-3D ms 16-31 1.15 16-31 ~

Cirripede cyprlds t

Mysids 15:15

$wrnarid amphicmds 76 : 52

Unident i f ied invertebrates Ills  .  155

fish eQqs 1+1

Number  of fish exam(ned 2
— . - . .— — . .  .—

~Pue~di.  Table 1 7 .  Sta9hor.  $c.lv,n  food  jl~  wan  ~(qht$  ? standard er,or in  m<lltgrams  fm.  fish c o l l e c t e d  in  Cook I n l e t  in 1 9 7 8

—.. -—.——
FOOD  lTIW

Pol “Ct’.jetes

ti”ldentff  fed  ,r”stacea”

Mys?ds

I$opods

Wrnarld  amPhf Wd5

Unident i f ied { invertebrates

Her.tnq  l*rvae

Ch..  salm”  fry

sc”:Dt”  Parts

Sand !a”ce larvae

..— — .—
100 . 100

57 , 57

152 ~ 152

236 : 145

t

333 + 333

468  ~ 468

2 7 0 : 2 7 0

40 .-40

21D4 : 2104

%.. be. 9f f$5h  examined 3 5

+Umber ,< ,mPty  stomach, 2
— .

531



kwend?x  Table  18. Juvenile  we~t SCUIP+n food $te. man neiqhts t standard erwr  jn mflli9vamS  from fish cOllected  <n COOk inlet {n 1978.
-—— ——_. —_- .—— ——-— .—. ..— — _— .——

T(IOD ITEM
APRIL MAY JUNE JULY .4UGUST
n--3n

5EPTEM8ER
l-m-- %-n

oqcT.G
T - 1 5 - -  -lK-3iY l.m  - - -  13-.3T W—T.T ~-~–~

U“identff  ted crustacean ad.lts 26 + 26

CopePods ?,ztt

Mvsids 11 + 11 1+1

Cimceans 4~3

Gdmnaried  .3mph$pDL!s 182 + 60 240:81  39? + 71 261!70

[“PhWSi i ds 2+2

U n i d e n t i f i e d  decaPods t

shrimp  la,”ae 1:1

I n s e c t  larvae 3~3

Unident i f ied invertebrates 76 + 76

P i n k  Salmn  fry 40 ~ 40

Number  of fish e x a m i n e d 5 8 20 B

——

Amendjz Table 19. sand lance f O o d  item  ~anwefghts  :standarderwr  fnmflli9  rams from  fish cOllected  fn CaOk  Inlet  ~n 1978

,4PRIL MAY JUNE JULY AUGUST
ITEM

SEPTH48ER OCTOBER
1%3’O  1-15 16-31  1-15 16-30 1-15 16-3T 1-15 76-3T  1-15 1$-3fi -%31-

Oiatcwls

Polychaetes

Gastropod veligers t

Biva lve  veligers

u n i d e n t i f i e d  c r u s t a c e a n 1:0

Cladocerans

CoDepods-calano4d

Ccwpods-othe. 24~9

CirrlPede  nfi”Pifi 1~1

Ci.ripede  cyprids t

Cumaceans

Gamnar{d  amphi pods

u n i d e n t i f i e d  decapad  l a r v a e

Shrimp larvae 7~2

Un{dentif$ed  an.anuran  l a r v a e

Paguvid  Iar,ae

?a.alithodes  camtschdtica  zoeae

u n i d e n t i f i e d  did larvae

U“ide”tif ied cancrid  l a r v a e

Telmessus  cheira90nu5 Zoeae

Insect  adults

Chaetogn&ths

Larvaceans

Fish  eggs

L!nide”tt fled  fish larvae 13~6

Herring l a r v a e

Number  of f i s h  e.xam?ned 5
Number  Of  ~PtY 5t0maChS 1

t 251
t t t

t
tt

1~1
t t

65:24 48:12 90z15
8~4 2458

t 17:4 37:7
l~o 652 9:3

t
t 1~1 t
t 4:1 1:1

28528 68 ~ 18
t 1~1

t t 1:0
t t
t 3~2

t
t

t

t 6:2

t
t

4 25 25 16

2

t
l~o  t

t 1%1

64~9  93~28

t

t

11 :11

t ’

Ill

25 10

1

t t
t

1?:4 28z)0 22~6 15~5

t t

4:2 1:1 t t

t t t

t t

I I 15 15 15

4 2 1 4

.-— .—-— —

Appendix  Table  20. Rock sale food item ea. weights : standard emr {n .{lljwams  from ffsh  collected In Cook Inlet in 1978.

APRIL MAY JUNE JuLY AUGUST
FOOO [TEM Tl=30  1-15 16-32_  %15

SEPTEM8ER
16==  1-15 16-~  1-15 16-3T  1-15 16.30

OCTOSER
-T=31-—.——

Algae 1483 f927

Poljch.aete$ 4 6 8 : 3 7 8

Cd  stropods 1:1

LimDets 191 :191

Chitons 1 9 7 : 1 3 1

FJivtllves 61 532

Copepods-cal  anold 1 t

Copepods-other 3 t

Cirripede adults 20 ~20
Mysfds 20 ~ 20
Cumaceans 13:13
Ganardd amPhiPodS 328:191
shrimp t
Unidentified brachy.ran~ t
unidentified i.vertebrate$ 272 t147

Number  of  f ish examined 1 9

.— .—

-.—
532 ‘“ “’ ‘--”’



ADpendi K Table 21. Butter sole food jtem mean weiqhts + standard prror in mjllfqrrvm  from fi5h  collected  {n Cook Inlet  in lq78

. — —
APRIL MAY JU N E JULY AIMJJST

FOOD  [T[w
Stl~TLMBt  R

1 I .“30 1-15 16-31 1 . 1 5
OCW;;R

“16-30 i.l~- 1<-.J-1 1 - 1 5 16-31 1:15 16-To

Polychaetes 90
Bivalves ’40
Garmnarid amphioods 30

N u m b e r  o f  f i s h  e x a m i n e d 1

Appendix  Table 22. Yellow  fin Sole  food item Man weights ~ standard error in milligrams from fish collected in Cook Inlet in 1978.

APRIL MAY JuNE JULY AUGUST OCT~BLR
FOOD ITEM m 1-15

SEPTEMBER
16-31 1-15 6-3o 1-15 16-31 1-15 16-31 16-30 T3-

,41 qae

Pol ychaetes

Gastrnpods

Bivalves

Unidentified crustaceans

Ost racods

Co@spods

Cirripede adults

Gainnarld amphipods
[lnjd~n~jfj~d  d~~ap~rj~

Unidentified brachyurans

Unidentified invertebrates

Unidentified fish juveniles

Capelin  j u v e n i l e s

Number of fish examined

Number of empty stomachs

106:106

7+4

3+3

3+3

6+6

592:592

9

4

119:79
8+5

13+13

48+27

25+25

t
t

17+17—
8+8

4+4

2181152

10

Appendla  Table  23. StaVrY  flounder  food item man weights ? standard error in milligrams from fish collected in Cook Inlet in 1978.

FOOO ITEM
—.. .

Al qae

Bivalves

Mysids

I sopods
Gamnarid  amphfpods

Shr$mp

Ivsect  larvae

APRIL UAV JUNE
m

JULY AUGUST
~—~ T-15

SEPTEMBER OCTOBER
6-55 1=75 3r 1-15 3T ~

—
41~41

122:105

14:14

6661330

524 7~1 354

22~22
4+4

Number  o f  f i s h  e x a m i n e d II

.-

533

—.. .,___



Appendix Table 24. Names and general locations of salmon spawning streams
that averaged 10,000 or more spawners of any species, as
listed in Figures 3, 4 and 5. Streams are listed in the
sequence they appear on the shoreline from north to south.

Figure 3. Cook Inlet.

West Side

Name
Cresc~River
Fitz Creek
Iniskin River
Cottonwood Creek
Browns Peak

Unnamed

Sunday Creek
Unnamed

Location
Tuxedni Bay
Chinitna B~y
Iniskin Bay
Cottonwood Bay
North side -
Ursus Cove
Ursus Cove
Lagoon
Rocky Cove
Bruin Bay

East Side

Name
Kena~ver

Location
Town of Kenai

Kasilof River Town of Kasilof
Humpie Creek Kachemak Bay -

E. of Halibut
Cove

Barabara Creek E. of Seldovia
Seldovia River Seldovia Bay

Port Graham River Port Graham
Unnamed Windy Bay

Amakdedori Creek Amakdedori Beach
McNeil River NcNeil Cove
Mikfik Creek McNeil Cove
Little Kamishak River Akumwarvik Bay
Kamishak River Akumwarvik Bay
Douglas River Kamishak Bay -

extreme south
------------------------ -------- --.----- ------------------------ ----------------

Figure 4. Alaska Peninsula.

Big River Between Swikshak and Cape Chiniak
Village Creek At Kaguyak, north of Cape Chiniak
Ki nak On Kinak Bay
Dakavak Creek On Dakavak Bay
Long Kashvik On Kashvik Bay
Big Creek North side of Wide Bay

---------------- ------------------------ -------- ------------------------ --------

Figure 5. Afognak and Kodiak Islands.

Long Lagoon Creek Paramanof Bay
Malina Creek Raspberry Strait, south west Afognak
Terror River Terror Bay
East Uganik East Arm, Uganik Bay
Little River Lake 2 miles south of Cape Ugat
Spiridon Head of Spiridon Bay
South East Zachar Head of Zachar Bay
Brown’s Lagoon Uyak Bay, opposite Amook island
East Uyak Near head of Uyak Bay
Dora’s Creek Larsen Bay
Karluk River Village of Karluk
South Sturgeon River 2miles south of Cape Karluk
East Sturgeon River 2miles south of Cape Karluk
Grant Lagoon Creek 8miles south of Cape Karluk
Halibut Beach Halibut Bay
Red River 8miles south east of Cape Ikolik
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APPENDIX II

A PFUZLIMINARY ASSESSMENT OF COMPOSITION AND FOOD WEBS
FOR DEMERSAL FISH ASSEMBLAGES IN SEVEIUiL SHALLOW

SUBTIDAL HABITATS IN LOWER COOK INLET, ALASKA

Prepared for

ALASKA DEPARTMENT OF FISH AND GAME
Commercial Fisheries Division

Kodiak, Alaska

Prepared by

DAMES & MOORE
510 “L” Street, Suite 310
Anchorage, Alaska 9 9 5 0 1

( 9 0 7 )  2 7 9 - 0 6 7 3

N o v e m b e r  1 9 7 9

Job No. 6791-010-20
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1.0 INTRODUCTION

The success of the marine fishes in adapting themselves to

the various ‘habitats along the Alaskan sea coast is well shown by their

distribution in Lower Cook Inlet. Salt water fishes have been found

from the upper reaches of the numerous estuaries and embayments of Cook

Inlet to the deep water central arm. The sea floor is typically com-

posed of soft or unconsolidated sediment, while the shoreline on the
.-

east side is rocky and irregular. The shallow sublittoral zone

contains numerous species of fish which regularly are taken for sport,

commercial and subsistence purposes. However, most of this activity is

highly seasonal, and has been directed at only a few dominant species.

The target fish have traditionally been salmon, herring and halibut.

Currently, the shrimp fishery harvests an incidental catch of bottom

fish, and some commercial test fishing for bottom species has been con-

ducted. However, the future of the newly emerging bottom fishery is

still uncertain in this geographical region.

Despite the intensity of the fishing effort, and the emotional

feelings surrounding the extraction of aquatic resources from the Cook

Inlet region, management is still hampered by the lack of basic know-

ledge of the marine ecosystem. In order to determine the effects of a

man-induced perturbation, such as results from an oil spill, or to

develop a resource management plan for an area, certain background

information on the biology of the fish fauna is needed. In addition,

since many of the fish occupy a portion of the water column that is less

than 30 meters deep or live and feed in the near proximity of the

shoreline, they inadvertently become vulnerable to OCS exploration and

development.

This study has been directed at an assemblage of fishes that

characteristically inhabit the nearshore waters in Lower Cook Inlet.

Since most conventional sampling gear, i.e., trawls? grabs, nets, etc.,

either does not sample adequately under conditions of extreme water

motion, or fails to collect representative samples in rocky, shallow
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habitats, we employed diver observations for data acquisition. To this

end, diver-biologists were the primary sample tool. This has the

secondary advantage of providing the investigators with direct obser-

vations of not only the fishes but also their habitats

assemblages of marine organisms.

Our efforts were directed at: (1) upgrading

check list of inshore fish, (2) collecting data on key

and associated

the inventory or

habitats not

easily surveyed by traditional methods, and (3) estimating the relati~’e

abundance of the dominant species. Temporal variation or seasonal

differences in the shallow water fish populations was also examined.

Additional information on trophic interaction, food habits and spawning

or reproductive behavior of the conspicuous species was also recorded.

The majority of the field time was devoted to working in shallow water

habitats, dominated by solid substrate, and overlain with a moderate

to heavy coverage of marine vegetation.
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2.0 DESCRIPTION OF THE MAJOR STUDY AREAS

2.1 Kachemak Bay

Most of the systematic field work on the east side of Lower

Cook Inlet was conducted in three key locations in Kachemak Bay; namely,

(1) the entrance to Jakolof Bay, (2) the kelp bed off Seldovia Pt. and

(3) the Northern Shelf from Archimandritof Shoals to Mutnaia Gulch

(Figure 1). A number of other sites have been examined in the shallow

subtidal zone since 1974 (Rosenthal & Lees 1976; Lees et al 1977, etc.)..—
However the areas that were selected for more intense study were known

to be areas of considerable fish activity and/or represented different

habitat types. Additionally, several other sites were exam:ned cursor-

ily during the course of this survey.

2.1.1 Jakolof Bay

Jakolof Bay, less than 0.25 miles wide and only about 1.75

miles long, is located on the south side of Kachemak Bay. The entrance

is narrow and less than 12 meters deep. Most of the observations and

data collection effort was confined to the shallow reef that projects

off the rocky headland on the northwest side of the Bay. A prominent

feature of this location was the kelp bed and associated floating

canopy which was highly visible on slack tides. The substrate under-

lying the vegetative canopy is composed of pavement rock, cobbles and

small boulders. The slope is moderate and the edge of the entrance

channel is terraced with boulders and”averhanging  ledges. Coarse sands.,. ..:* ., .,.
and calcareouss  hell. debris are. common’ around the base of the reef../<,. .; ::,:.<,., :7

Rock outcrops which were cover~d .b~.,s~~~~inemones~ and other suspension,...’ :,:,.,.+  ,,.$.  < ..,< ... . ; :;: . . . . .
feeding forms were ‘prominent;biologi,cal  ,:,andmarks. During spring and

.’ .:.
summer the: shallow-areas were overlain”’’~wi’th a heavy growth of kelp. . d;’ ., +!.:, : ~’q.’: . . . ? .,.:’ “.;L. . . :.
Alaria fistulosa.. The algal understo.ry;benea~’!th”e”  Alaria canopy was

,, ,.”
also thick, and composed of n~erous species of brown, red and green

algae. Strong tidal currents are typ~qa,l of ‘this location, and on. . .
either a flood or ebb stage of the tide’the’  floating portion of the

kelp bed is usually.pu.lled beneathtitie  .s.ea,~,rfa~e.
. . . . . .: -
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2.1.2 Seldovia Point

The largest and most conspicuous kelp bed in Kachemak Bay

was found off Seldovia Point. Most of the investigation of the near-

shore zone was conducted from the intertidal-subtidal fringe out to

the 12 fathom contour, approximately one mile offshore. The shallow

subtidal zone is heterogeneous in relief. The bottom substratum con-

sists primarily of coal pavement, overlain by boulders, cobbles and

outcrops. Vertical relief is gradual and then drops off sharply

beyond the shelf. Silt was prominent on most of the solid substrate

and associated marine vegetation. Beyond the shelf is an expanse of

sand interspersed with patch reefs of coal and rock.

Inshore currents are typically strong, especially during

periods of extreme low and high tide. Seldovia Point is strategically

located in terms of exposure to the surface waters of Lower Cook Inlet.

Wave activity usually amounts to only a slight onshore

fringing kelp bed probably dampens some of the surface

in the vicinity of the

2.1.3 Barabara Point

The kelp bed

Seldovia Point, but is

Nereocystis luetkeana.

Point.

at Barabara Point is continuous

more strongly dominated by bull

break. The

water movement

with that at

kelp,

The depth of the area surveyed was about 10 m.

Tidal currents are considerably dampened by the effects of the large,

floating kelp bed. The bottom substrate and algal undergrowth are more

silt-laden than at Seldovia Point. The boulder-bedrock substrate, with

numerous crevices and ledges, offers considerable bottom relief. Many

of the outcrops appear to be low-grade coal well overgrown with

encrusting coralline algae and epifaunal invertebrates.

2.1.4

broad,

dritof

Northern Shelf

On the north side of Kachemak Bay, west of Homer Spit is a

rocky shelf. This relatively flat bench extends from Archiman-

Shoals, off the west side of the Spit, northwest to its widest
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point off Mutnaia Gulch. The substrate of the shelf is ‘flat and

characterized by rock, which predominated at every site. Cobble and

boulder fields were the principal type of structure observed, and

patches of shell debris were also common. In several areas, the

boulders and associated outcrops were composed of coal. Evidence of

silt deposition varied locally. Generally algal cover was substantially

lower on the shelf than in the other study areas. The physical and

chemical characteristics of the sea water

becomes more oceanic when proceeding from

Mutnaia Gulch.

2.1.5 Mud Bay

The intertidal-shallow subtidal

that envelops the study area

Archimandritof Shoals to

area lying just east of Homer

Spit, generally called Mud Bay, has a flat mud bottom. The only sur-

face relief is provided by shell debris and scattered small boulders

deposited by rafting ice. Currents and wave action are generally mild

and the water is frequently rather turbid. The fauna is dominated by

deposit feeding polychaetes and clams, but motile epifaunal crustaceans

and snails are common.

2.2 Kamishak Bay

We initially planned to conduct studies in Kamishak Bay

similar to those conducted at the major survey sites in Kachemak Bay,

but unsuitable water conditions made this undertaking unfeasible. The

problems revolved around suitable weather, water clarity and schedules.

Field work was initially scheduled for April/May, August and September,

1978. Stormy conditions and turbid water forced a delay of the first

field work until early June, and even then, activities were curtailed

because of poor visibility. In August, working conditions  were mar9i-

nal because of water clarity, and estimates of fish density were of

questionable accuracy. In several areas, the highly irregular slopes

of large boulders combined with turbidity to foil attempts to work

transects effectively. In September, planned field activities were

aborted because of weather conditions and turbidity.
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A further

the rock shelf. In

8 and 12 m, and the

muddy sand.

complication arose from the general “narrowness of

rocky areas the rock ends at depths between about

substrate changes to gently sloping gravel or

2.2.1 Knoll Head Lagoon Area

At the Knoll Head Lagoon site (Figure 2), smooth bedrock and

boulders extended gently from the mid-intertidal zone out to a depth cf

about 3 to 7 m. Rock was replaced by gently sloping gravel. Surface

relief on the rock substrate was moderate, but crevices, caves and

ledges were relatively uncommon. Kelps became sparse or absent below

a depth of 3 m. Based on exposure to Kamishak Bay and surromding

reefs, it seems probable

action during winter and

extreme.

2.2.2 White Gull Island

Reconnaissance

that this location is exposed to lxavy wave

spring storms, but tidal currents are not

dives were made on the east, south and west

sides of White Gull Island, in the passage into Cottonwood and Iliamna

Bays (Figure 2). On the exposed east side of the island, a bedrock

shelf extends across the intertidal zone to a depth of about 1.5 m,

where a vertical face extends to a depth of about 5 m. At the bottom

of this face, a steep, highly irregular talus slope of medium to large

boulders extends down to a depth of about 12 m. Surface relief on

this slope is considerable, with crevices, small caves and ledges

common. Kelps do not extend over the edge of the vertical face.

This side of the island is exposed directly to fairly long period

storm waves from the east or southeast but is fairly well exposed to

strong incoming tidal currents that sweep the north and south sides of

the island in the charnels connecting Cottonwood and Iliamna Bays to

Kamishak Bay.

The west side of the island is bordered intertidally by

moderately sloping gravel beaches and sheer rock faces or outcrops.
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subtidally, these substrates are replaced by a gentlY  S10Pin9/  9raVellY

cobble with boulders, and finally silty sand flats in the southern

channel. This side of the island is exposed to small wind waves from

the Cottonwood-Iliamna  Bay complex but protected from long period

storm waves. Surface relief is limited to scattered small boulders

and, in the channel, hummocks of a sabellid polychaete. The west side

of the island is somewhat exposed to strong outgoing tidal currents

leaving the bay complex to the west.

,.,

“.
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3.0 SAMPLING METHODS

Direct observations were made while SCUBA diving at depths

from 3-23 m below MLLW (mean lower low water). All of the diving was

done during daylight hours between 0800 and 1900 hours. The underwater

surveys were designed to gather both quantitative and qualitative

information about the fish fauna of Lower Cook Inlet. Estimates of

fish density (number of fish\square meter) in each of the study areas

was determined by counting fish along either fixed or randomly placed

transect lines. In some areas polypropylene line (0.60 cm-in diameter)

was positioned on the bottom, and held in place with galvanized boat

spikes (20 cm). The other technique employed the use of ~ d: $er to

unwind a sinking plastic tape that was attached to a reel. One end of

the transect was secured to a fixed point, and as the divex-biologist

ran a compass course, the metric tape was unraveled. The transect band,

usually 0.5 to 2 m wide and 5-50 m in length, was determined by the

working depth, amount of bottom time and the number of fish present in

each area. In most instances the transect followed a specific isobath

or depth contour. Occasionally the transect tapes were left on the

bottom between dives. This was done in order to check the consistency

of the count, and to compare fish density and species composition after

an elapsed time interval of 1 or 2 hours.

Species lists and density estimates obtained by diving tech-

niques are subject to several limitations. Variations in water

conditions, especially water clarity, effect the efficiency of the

observer. This problem definitely limited effectiveness in Kamishak

Bay. Since these transect methods were biased against smaller or more

cryptic species,another  technique was employed to estimate the relative

abundance of the smaller fish. Replicated 1/4 mz quadrats were placed

in a random manner, or stratified in such a way that a particular

habitat or micro-habitat was sampled in the subtidal zone. All fish

that occurred within the quadrat frame were subsequently recorded.
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Samples from these fish populations were collected with the

aid of hand spears and mesh bags. All specimens were measured

(standard length) to the nearest millimeter, and the sex was determined

when possible. If a species identification was in doubt, or a confir-

mation of a range extension was needed,the specimen was usually sent to

D r . Robert Lavenberg, Curator of Ichthyology, Los Angeles County Museum

of Natural History.

When the fish was collected for stomach analysis, the specimen

was dissected, and the stomach was removed. The contents (if any) were

examined fresh under a dissecting microscope. Occasionally the stomach

contents were preserved in 10% formalin for examination at a later date.

The degree of stomach fullness was recorded, the contents were sorted,

and the organisms were identified to the nearest taxon.

In conjunction with infaunal studies on the sand beach at

Homer Spit, a small beach seine effort was mounted. The net used was a

beach seine 32-m long by 2.1-m deep, with 15-m long, 2.5-cm stretch

mesh wings. The money bag was 2.1-m wide with a 0.6-cm web. For each

haul, the net was extended perpendicularly from the beach to its full

length offshore, then both ends of the net were pulled 30 m along the

beach. At this point the offshore end was swung in an arc back to the

beach,and the net was pulled up onto the shore. The area covered was

approximately 1000 m2. The contents were then picked from the net,and

fish and invertebrates were placed in a 10% formaldehyde-seawater

solution. Fish stomachs were slit immediately to facilitate preser-

vation of stomach contents for diet evaluation. Three replicate hauls

were made consecutively about 100 m apart in each sample set.

552



4.0 RESULTS

The shallow water fish assemblages of Kachemak and Kamishak

Bay inclu~e at least 56 species which are typically found in the near-

shore zone (Table 1). Fourteen percent (8\56) of the fish identified

to date were previously unreported in these waters. Some of the range

extensions were significant (as great as a few thousand miles) while

others were less than a hundred miles.

4.1 Inshore Fish Assemblages in Kachemak Bay

A total of 358 fish were counted in the transect sampling

from May to November 1978. Of the censused fish, 211 were seen in the

transects off Seldovia Point, 138 fish at Jakolof Bay, 6 along the

Northern Shelf, and 11 in Mud Bay. The disparity in number is largely

due to differences in sampling effort.

4.1.1 Exposed Offshore Kelp Bed - Seldovia Point

Twenty-eight species of fish have been seen in the shallow

subtidal waters off Seldovia Point. More species are no doubt still

to be found here as the current inventory includes only the more

conspicuous species, which are presumed to be either the numerical or

functional dominants in the nearshore system. The greatest number of

individual fish and highest species diversity were usually sighted

along the edges of the kelp forest. This was particularly true of the

coal outcropping and rock piles just seaward of the floating kelp

canopy (Figure 3) .

Within the confines of the kelp stand were solitary bottom

dwellers such as kelp, rock, and whitespotted greenings. Red Irish

lord (Hemilepidotus  hemilepidotus)  and great sculpin were also conunon

in this location. A number of other fish were also encountered in the

algal understory. Usually these species were more cryptic or difficult

to detect because of their small size or drab coloration which matched

the surrounding habitat. For instance, the arctic shanny (Stichaeus
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T&LE 1

LIST OF FISHES  FROM THE SHALLOW SUBLITTORAL ZONE,
LQWER COOK INLJ?,T

Jakolof  Seldovia Northern Kamishak
Taxon Bay Point Shelf Bay

clupea harengus pallasi. Pacific herring
Oncorhynchus qorbuscha. pink salmon
~. kisutch. coho salmon
Salvelinus malma. Dolly Varden
Hypomesus pretiosus. surf smelt
Mallotus villosus. capelin
Microgadus proximus. Pacific tomcod
Aulorhynchus flavidus. tube-snout*
Gasterosteus aculeatus. threespine sticklebacks
Bathymaster caeruleofasciatus. Alaskan ronquil
~. leurolepis. smallmouth ronquil
~. signatus. searcher
Ronquilus ~. northern ronquil
Anoplarchus  purpurescens. high cockscomb
Lumpenus sagitta. snake prickleback
Stichaeus punctatus. Arctic shanny*
Pholis laeta.’ crescent gunnel—  —
Anarrhichthys ocellatus. wolf-eel
Delolepis gigantea. giant wrymouth
Amnmdytes hexapterus. Pacific sand lance
Sebastes caurinus. copper rockfish*
~. ciliata. dusky rockfish*
~. melanops. black rockfish
Hexagrammos decagranmms. kelp greenling
;. ldgmv::~s. rock green 1 ing

masked greenling
H. stelleri. whitespotted greenling
Artedius ?fenestralis. padded sculpin
C. harringtoni. scalyhead sculpin*
A. later alis. smoothhead sculpin*
~. notospilotus. bonyhead sculpin*
Blepsias cirrhosus. silverspotted sculpin
ClinOcOttus acuticeps. sharpnose sculpin
Enophrvs diceraus. antlered sculpin
Gymnocanthus qaleatus. armorhead sculpin
Hemilepidotus hemilepidotus. red Irish lord
;. ~::cl:i yellow Irish lord

P brown Irish lord*
Leptocottus armatus. Pacific staghorn sculpin
Myoxocephalus polyacanthocephalus. great sculpin
Myoxocephalus  sp.
Oligocottus maculosus. tidepool sculpin
Rhamphocottus richardsoni. grunt sculpin
Triqlops pingeli. ribbed sculpin
Podothecus acipenserinus. sturgeon poacher
Anoplagonus inermis. smooth alligatorfish
Pallasina barbata. tubenose poacher
Liparis callyodon. spotted snailfish
~. Cyclopus. ribbon snailfish
Hippoglossoides elassodon. flathead sole
Hippoglossus stenolepis. Pacific halibut
Isopsetta isolepis. butter sole
Lepidopsetta bilineata. rock sole
Limanda aspera. yellowfin sole
Parophrys vetulus. English sole
Platichthys stellatus. starry flounder
Psettichthys mclanosticus. sand sole

x
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x x

x
x

x x
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x
x x x
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x
x
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x
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x
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x
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x
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x
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x
x
x
x
x
x

x
x
x

x
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x

x

x x
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x

x
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x

x
x
x
x

x
x
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x
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x

x
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x
x

x
x
x

x
x
x

x

x
x
x

x

x

x

x
x

x

x
x

x

xx x
x

*
denotes range extension
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FISH DISTRIBUTION ALONG THE OUTER EDGE OF THE KELP BED
SELDOVIA POINT
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.,

punctatus) , was previously unreported in Cook Inlet, however it was

common in the seaweed and rock-dominated portions of the sea floor off

Seldovia Point. Small cottids of the genus Artedius, northern ronquil

(Ronquilus jordani) and silver-spotted sculpin (Blepsias cirrhosus)

were also repeatedly sighted in the central portion of the kelp bed.

Further offshore, around the lower limit of the Alaria/Nereocystis

stand the bottom relief was more irregular,and the dominant species in

terms of frequency of occurrence was Alaskan ronquil~ Bathymaster

caeruleofasciatus. Mixed schools of black rockfish and dusky rockfish

were also sighted. Some of the schools contained hundreds of indivi-

duals,and usually the adults were segregated from the juveniles.

Juvenile rockfish hovered above outcrops and rock piles or schooled

beneath over-hanging ledges. Around these same patch reefs were more

demersal species such as red Irish lord, rock greenling and kelp

greenling.

The density of fish at Seldovia Point ranged from 0.020 to

0.433 fish/m2 (Table 2). The average density was 0.176 fish/m2 or 1760

fish per hectare. Most of the fish were solitary bottom species.

Alaskan ronquil was the most abundant bottom species; density estimates

ranged from 0-0.194 fish/m2. Hexagrammidae was the most frequently

encountered family of fish at Seldovia Point, and kelp greenling was

the most common species. Juvenile rockfish (unidentified), black ruck-

fish and dusky rockfish were the dominant schooling species in this

location. Typically, the aggregations comprised less than 20 indivi-

duals ; however,on  the September survey a large school of black rockfish

was encountered at a depth of 17-18 m above a low profile reef. The

aggregation was made up of both juvenile and adult black rockfish,and

estimates of the size of the school ranged from 300-400 fish. Black

rockfish densities during the five survey periods ranged from 0-0.164

fish/m2. Other conspicuous species sighted in the transect bands were

the red Irish lord, rock greenling, whitespotted greenling, northern

ronquil! arctic shanny, Pacific halibut and scalyhead sculpin.

The kelp bed 2 km west of Barabara Point, a more protected
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TABLE 2

DENSITY ESTIMATES (FISH/M2) OF SOME CONSpICU0U5  FISH

AT SELDOVIA POINT, KACHEMAK BAY 1978

T axon 29June

Wolf-eel

Alaskan ronquil

Northern ronquil

Scalyhead sculpin

Ribber sculpin

Sculpin, unid.

Red Irish lord

Yellow Irish lord

WI Kelp greenlingw
Rock greenling

ZRock greenling, juv.

Whitespotted greenling

Pacific halibut

Black rockfish/Dusky  rockfish

Rockfish, juv.

Arctic shanny

Total number of fish:
Area examined (m2):
Density (fish/hectare)*:
Corrected depth (m):

o

0
0
0

0
0
0

0

0.020

0

0

0

0

0

0

0

1
50
200
9.2

O v e r a l l  d e n s i t y  (Z t s )  =  1 7 6 0  + 1 4 0 5

*
F i s h / h e c t a r e  = fish/m2 x 104

11-12July

o

0

0

0

0

0.053

0

0

0.080

0.027

0.027

0

0

0

0

0

7
37.5
1867
6.1

fish/hectare

0.033

0

0

0

0.033

0

0

0.033

0.133

0.100

0

0

0

0.100

0

0

13
30

4333
12.2

30July

o

0.045

0

0

0

0

0.005

0

0.025

0.015

0

0

0

0.010

0

0

20
200

100@
12.2

—

o

0.194

0.006

0

0

0

0

0.006

0.031

0

0

0

0

0.019

0

0

41
160

2563
16.5

29Sept 81iov 24Nov

o

0.036

0

0

0

0

0

0

0.044

0.014

0

0.008

0

0.164

0.014

0

101
360

2806
16-16.5

0

0.021

0.007

0.014

0

0

0

0

0

0.014

0

0

0.007

0

0

0.007

10
140
714

16-16.5

0

0.027

0

0

0

0

0

0

0.030

0

0

0

0

0

0

0.003

18
300
600

16-16.5



offshore

position

reported

dominant

common.

habitat dominated by bull kelp, was surveyed one time. Com-

of the ichthyofauna was rather similar (Table 3) to that

for Seldovia Point (Table 2). Kelp greenling were the

fish species, and juvenile black and/or dusky rockfish were

The density was probably somewhat lower than at Seldovia

Point, even if accurate counts per rockfish had been obtained.

4.1.2 Semi-Protected Embayment - Jakolof Bay

Of the major study sites, Jakolof Bay had the greatest number

of identifiable species of fish.A total of 29 species of fish was

sighted in this location. However, species richness may not be any

greater here than it is at Seldovia Point. Since more time has been

spent at Jakolof Bay, the chances to see and collect more species is

certainly increased. The high species richness might be related to the

pronounced bottom relief. Unlike other protected embayments in Lower

Cook Inlet, where the predominant substratum is usually relatively flat,

mud and gravel, the entrance channel into Jakolof is rocky and swept by

strong tidal currents. Rapid circulation is one reason for the apparent

high productivity of the reef. Suspension feeders such as mussels,

clams, sponges and barnacles would certainly benefit from the water flow,

which in turn would provide more food for the fish population of the

reef.

Proceeding from the middle of the entrance channel and moving

up slope, the habitat changes from shell debris, cobbles and low

statured kelps to a rocky terrace overlain by suspension feeders and sea-

weeds (Figure 4) . Growing on this portion of the reef was a small, mod-

erately dense stand of Alaria fistulosa and bull kelp (Nereocystis

luetkeana). Beneath the floating canopy were patches of the sabellid

worm (Potamila reniformis) and horse mussels (Modiolus  modiolus) , nest-

ling clams (Entodesma saxicola), balanoid barnacles and an erect red

sponge (?Esperiopsis rigida). Along the upper edge of the kelp bed were

dense aggregations of green sea urchin (Strongylocentrotus  droebachiensis).

This

were

zone was relatively devoid of fleshy macroalgae; cobbles and rocks

the predominant features of the sea floor. Near the intertidal-
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subtidal fringe was a narrow band of Alaria . p~cris a. Rockweed

(Fui:us distichus) grew from the upper limit of

MLLW .

Fish were distributed from MLLW down

the Maria to well above

to the deepest part of

the entrance channel, but the key part of the reef complex in terms of

species diversity and relative abundance was the rock terrace near the

lower end of the Alaria fistulosa stand. For example, black rockfish

and dusky rockfish frequently hovered around the overhanging ledges, or

swam in quiet schools beneath the floating kelp canoPY (Fi9ur@ 4).

Within this same rock terrace were more solitary species of fish such

as the Alaskan ronquil (Bathymaster caeruleofasciatus) , wolf-eel

(Anarrhichthys ocellatus) and small cottids of the genus Artedius.

Kelp and rock greenling (Hexagranunos  decagrammus and H_. lagocephalus)

and great sculpin (Myoxocephalus  polyacanthocephalus) were also commonly

seen on this part of the reef. Just below the rock terrace were masked

and whitespotted greenling (q. octogrammus  and ~. stell@ri). During

summer months Pacific sand lance (Anunodytes  hexapterus) were seen in

dense schools around the outer edges of the kelp bed. Occasionally

there were small schools of juvenile pink salmon (Oncorhynchus gorbuscha)

and Pacific herring (Clupea harengus pallasi) in the shallow portions

of the water column. The occurrence of these pelagic species was highly

seasonal,and they usually appeared during summer and early fall.

Within the confines of the kelp forest were masked, kelp, rock

and whitespotted greenling,  antlered sculpin (Enophrys diceraus) ~ rock

sole (Lepidopsetta bilineata) , crescent gunnel (Pholis laeta) and great

sculpin. On the shallower parts of the reef, where the solid substratum

was almost devoid of fleshy macroalgae, occurred right-eye flounders

(Pleuronectidae), sculpins (Cottidae) and pricklebacks (Stichaeidae).

Fish densities at Jakolof Bay ranged from 0.017-0.210 fish/m2

(Table 4). The average density during the four survey periods was

0.104fish/m2,

were dominant

or 1,036 fish per hectare. Although non-schooling species

in this location, juvenile or immature black rockfish,
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TABLE 3

OCCURRENCE OR DENSITY (FISH/M2) OF som Conspicuous FIsH
AT MISCELLANEOUS LOCATIONS IN KACHEMAK BAY, 1978

Taxon

Wolf-eel

Alaskan ronquil

mid. juv. sculpin

Kelp greenling

Rock greenling

Rock solem
m

unid. great sculpin

unid. ]uv. flatfish

Copper rockfish, juv.

Black rockfish, juv.

unid. juv. rockfish

Total number of fish:
Area surveyed (m2):
Density (fish/hectare )C:
Corrected depth (m):

Substrate:

B“arabara Archimandritof
Bluffs Shoals
13Ju178 28Jun78 28Jun78 28Jun78 10Ju178

pa

0.007

0

0.033

0.007

0

0

0

P

~b

P

7
150

>470
10

Boulder &
Bedrock,
Nereocystis
& Laminaria

o
0
0
0

0
P

o
0
0
0
0

5
Cobble &
scattered
Boulders
w/ Aqarum

o
0

0.030

0

0

0.030

0

0

0

0

0

2
30
60
7

Cobble &
Shell w/
Modiolus
& Agarum

o
0
0
0
0
P

o
0
0
0
0

9

Cobble &
Shell w/
Modiolus

o
0
P

o
0
P

P

o
0
0
0

50

15

Cobble &
Shell w/
Modiolus

Mud
Bay

10Ju178

o
0

0.030

0

0

0.060

0

0.070

0

0

0

11
70
160
11

Mud W/
Scattered
Boulders

a P = Present
b c = Common c Fish/hectare = fish/m2 x 104



TABLE 4

DENSITy ESTIMATES  (FISH/M2)  OF SOME CONSpICTJOUS  FISH

AT JAKOLOF BAY, KACHEMAK BAY

Taxon 12May78 02Aug78 25Sept78 28Nov78

Alaskan ronquil

Antlered sculpin

Black rockfish/Dusky rockfish

Crescent gunnel

Great sculpin

Kelp greenling

Masked greenling

Rock greenling

Rock sole

Whitespotted greenling

o
0.006

0

0

0.013

0.013

0

0.006

0.013

0.019

0.005

0

0.030

0.007

0.005

0.030

0.100

0.005

0.005

0.007

Total number of fish: 11 84

Area examined (m2) : 155 400

Density (fish/hectare)*: 710 2100

Overall mean density (= t s) = 1036 f 819 fish/hectare

0.007

0

0.030

0

0

0.013

0.030

0.013

0

0.020

35

300

1167

0.002

0.004

0

0

0

0.002

0.006

0.002

0

0

8

480

167

*Fish/hectare = fish/m2 x 104
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copper rockfish (Sebastes

around the rocky terrace,

rockfish densities ranged

caurinus) and dusky rockfish were observed

and beneath the kelp canopy. Black and dusky

from 0-0.03 fish/m2.

The greenings were the most frequently encountered and

abundant family in the shallow subtidal  zone. Masked greenling was the

most common, with density estimates within the transects ranging from

0-0.10 fish/m2. The others, in o~der of their relative abundance, were

kelp, white-spotted, and rock greenings (Table 4). Usually greenings

were solitary in distribution, although occasionally they were observed

swimming in small groups. Activity patterns changed markedly during

the calendar year. During the spawning and reproductive mriod (May-

October) the fish were highly visible and aggressive. Hf:wever, with

the onset of oceanic winter, most became cryptic or inactive, and dra-

matic changes in the body coloration of the males was noted. Other

non-schooling species common in

sculpin, crescent gunnel, great

4.1.3 Exposed Cobble - Boulder

this site were Alaskan ronquil,  antlered

sculpin and rock sole.

Habitat - Northern Shelf

Twenty-one species were sighted in the northern shelf area

(Table 1). Species richness was lower than at Jakolof Bay or Seldovia

Point, despite the fact that the shelf constitutes a greater area, and a

larger variety of habitats was examined. Examinations of the icfithyo-

fauna were made at seven different locations. Most of the fish were

either solitary or bottom dwelling species. The ronquil family was

represented by four of the species known to be present in these waters

(Quast and Hall, 1972). Thirty-three percent of the species were

sculpins,and most of the others were either highly cryptic, drab in

coloration or relatively inconspicuous on the sea floor. In areas

dominated by cobbles, flat pavement, shell debris and small rocks were

scalyhead sculpin (Artedius harringtoni), northern ronquil and ribbed

sculpin (Triglops pingeli) .

Although algal cover was usually light to sparse off Bishop’s

Beach and Bluff Point, the inshore area west of there supported a
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TABLE 5

DENSITy ESTIM ATES (FISH/M2) OF som CONSPICUOUS FISHES
ON THE NORTHERN SHELF, KACHEMAK BAY

Taxon

Scalyhead  sculpin

Alaskan ronquil

Ribbed sculpin

Northern ronquil

Whitespotted greenling

Total number of fish:

Area Examined (m2):

Density (fish/hectare)*:

Depth (m) :

Location:

*
Fish/hectare = fish/m2 x 104

31JU178 O lAug78 26Sept78 25Nov78

o

0.020

0.020

0

0

2

50

400

17-18

Bluff
Point

0.017 0.032 0

0.017 0.009 0

0 0 0

0 0.077 c1

0.033 0.009 0

4 28 0

60 220 120

670 1270 0

12-13 14-15 14-15

Mutnaia Bishops BishopS

Gulch Beach Beach

564



moderate coverage of perennial brown algae. Coal and rock outcrops

were important micro-habitats of Alaskan ronquil, which frequently

perched in front of, or hid beneath larger rocks. Another member of

this family, the smallmouth  ronquil (Bathymaster leurolepis) was also

collected in these same habitats. Northern ronquils were the most

cormnonly observed member of this family; they were particularly common

on areas of flat relief that were dominated by cobbles, shell debris

and beds of horse mussel. Searchers (Bathymaster signatus) occurred in

these same habitats.

West of Bluff Point, inside the 10 fathom contour, were

numerous patch reefs and outcropping of coal overlain by a thin

veneer of crustose coralline algae. Here the fish assemblage was more

diverse, and certainly more visible. Greenings, red Irish lord, yel-

low Irish lord (Hemilepidotus jordani) and Alaskan ronquil were commonly

seen in these patch reef habitats. There seemed to be a positive

correlation between the degree of bottom relief and the abundance

diversity of fishes along the shelf.

Fish density along the northern shelf was significantly

and

lower

than it was in the other two study areas. Overall densities ranged

from O to 0.127 fish/m2 (Tables 3 and 5).
.

Ronquils were the most con-

spicuous group of fish. Although searcher, smallmouth  ronquil, Alaskan

Ronquil, and northern ronquil were all seen off Bluff Point, only the lat-

ter two were included in the transect counts. Density estimates for

Alaskan ronquil ranged from 0-0.020 fish/m2. Other species observed

in the transect surveys were ribbed sculpin, scalyhead sculpin and

juvenile whitespotted greenling. However, because of their small size

and cryptic nature, estimates of relative abundance and frequency of

occurrence were also determined from 1/4 m2 quadrat counts. For example

sculpins (Artedius spp.) occurred in 6/70 quadrats cast ; their densi-

ties ranged from 0-4.0 fish/m2. Alaskan ronquil was only encountered in

2 of 70 quadrats, with densities of between 0-4.0 fish/m2. Ribbed

sculpin was more uncommon as it only occurred

565

in 1 of 70 quadrats.



Composition of the ichthyofauna  of Archimandritof Shoals, a

cobble-boulder habitat, appeared to differ considerably from the rest

of the northern shelf. The main fish observed were small cottids and

rock sole; the latter were observed at all sites (Table

densities were quite low. Sturgeon poacher (Podothecus

have also been observed on the shoals.

3) . Fish

acipenserinus )

4.1.4 Semi-Exposed Sand Beach - Homer Spit

The purpose of the field work at Homer Spit was to (1) examine

composition of the inshore fish assemblage, (2) assess changes in

species composition in shallow water between high and low tide and be-

tween summer and winter, and (3) to examine the diet of these species

for utilization of the sand beach infaunal  organisms.

Eighteen species of fish and 3,602 specimens from ten families

were collected in the nine beach seine hauls made in July and December.

The low tide hauls in December were so unproductive that the plans for

high tide hauls were aborted. Many of the fish apparently occurred

schools or aggregations and hence catches were quite variable.

In the summer low tide sample sets, totals of seventeen

species and 3,514 specimens from ten families were collected (Table

in

6) .

Sand lance dominated in terms of abundance and biomass. Other impor-

tant species included Pacific staghorn sculpin (Leptocottus armatus),

English sole (Parophrys vetulus), sturgeon poacher, rock sole and Dolly

Varden (Salvelinus malma) (Table 6).

Dolly varden, English sole, snake prickleback and an uniden-

tified sculpin were collected in all three hauls. Immature specimens

dominated the catch for all species except sand lance, capelin

(Mallotus villosus), surf smelt (Hypomesus pretiosus), threespine

sticklebacks, Dolly Varden, tubenose poachers (Pallasina barbata)~ and

Pacific staghorn sculpin.

In the summer high tide sample set, totals of eight species
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TABLE 6

CATCHES OF FISHES IN BEACH SEINE HAULS
ON THE WEST SIDE OF HOMER SPIT, 1978

T axon

Salmonidae

Pink salmon

Dolly Varden

Pleuronectidae

Rock sole

Yellowfin sole

English sole

Starry flounder

Sand sole

Coktidae

Pacific staghorn sculpin

unid. sculpin

Agonidae

Sturgeon poacher

Tubenose poacher

Foraqe spp.

Pacific sand lance

Capelin

Surf smelt

Miscellaneous

Snake prickleback

Greenling  sp (juv.)

Rockfish sp (]uv.)

Threespine sticklebacks

Average Number (ts) of Fish per Seine Haul

25Ju178 26Ju178 19Dec78
Low Tide High Tide Low Tide

0.3 f 0.6(1)*

4.7 f 1.5(3)

6.3 f 6.5(2)

1.3 f 1.5(2)

19.3 f 16.3(3)

0.3 t 0.6(1)

I.o f 1-0(2)

64.7 f 104.3(2)

I.o f 0.()(3)

13.3 f 22.2(2)

1.O f 1.7(1)

1049.o f 1810.9(2)

0.3 t (3.6(1)

o

1.-J f 0.0(3)

0.7 f 0.6(2)

0.3 f 0.6(1)

2.0 f 3.5(1)

Average No. of Individuals: 1171.3 t 1781.8
Number of Species: 17
Total No. of Individuals: 3514

*

1 0 . 0  f 1 3 . 9 ( 3 )

5 . 6  ~ 6.o(2)

o
0

0
0

0

0.3 f 0.6(1)

0.3 f ().6(1)

o
0.3 f o.6(1)

o
0.7 f o,6(2)

7.0 f 12.2(1)

o

0

0

2.3 f 2.1(2)

26.7 f 31.8
8

80

c1

o

0
0
0
0
0

0
0

1.3 + 1.5(2)

o

0.3 f 0.6(1)

o
0
0
0

2.0 * 1.2

3
8

Numbers in parentheses indicate number of hauls in which species occurred. 567



and 80 specimens from five families were collected( Table 6). Juvenile

pi,nk salmon dominated in terms of abundance but Dolly Varden in terms

of biomass. Other important species included surf smelt and threespine

sticklebacks (Gasterosteus aculeatus)  (Table 6). Juvenile pink salmon

were caught in all three hauls. Again, immature specimens dominated

the populations caught.

and eight

were most

In the winter low tide sample set, totals of three species

specimens from three families were collected. Sand lance

common (Table 6). The other two species collected were

Pacific staghorn sculpin and surf smelt (Table 6). The surf smelt, at

11 cm standard length, was the largest fish caught. All specimens were

immature.

Comparisons of species composition, richness and abundance

with a Kruskal-Wallis  one-way analysis of variance suggest some differ-

ences between different tide stages and seasons (Table 6). In July,

significantly more species of fish were collected at low tide than at

high tide (P=O.05). Moreover, despite large variations in catches,

fish were considerably more abundant at the low tide level than at that of

high tide (P=O.10). The most notable differences in composition were

1) the absence of flatfish and sand lance, 2) the paucity of Pacific

staghorn sculpin,  3) the appearance of surf smelt and 4) the increase

in abundance of pink salmon at the high tide level (Table 6).

The contrasts between species composition~ richness and abun-

dance of fish in the hauls at the low tide level in July and December

are quite dramatic. The differences in species richness and ~undance

is significant (P=O.05)  when tested with the Kruskal-Wallis analysis of

variance. The number of families declined from ten in July to three in

December. Most notable absences were salmonids, flatfish and poachers.

Abundance of forage species also declined substantially.

4.1.5 Protected Mud Substrate - Mud Ba~

A limited survey effort was expended to examine the ichthyo-
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fauna on the muddy substrate in Mud Bay. Only a limited number of

dcmersal fish was observed, but water clarity may have hampered survey

efforts to a degree. Flatfish appeared to be the dominant fish; both

rock sole and unidentified juvenile flatfish were observed (Table 3).

Small unidentified sculpins were the only other species observed.

Notable by their apparent absence were Pacific staghorn sculpin and

starry flounder, both of which have been collected in large numbers in

beach seine hauls along the shoreline of Mud Bay (personal observation).

4.2 Inshore Fish Assemblages in Kamishak Bay

A total of eleven fish species was observed in diving surveys

in shallow subtidal habitats in Kamishak Bay. Whitespo+ e?, :eenling

was the most abundant and commonly observed species (Tal !-c J) . The

only other species occurring frequently were rock sole slid masked

greenling. Fish densities were low in comparison to most areas on the

east side of Cook Inlet.

4.2.1 Exposed Rocky Habitat

The exposed east face of White Gull Island appeared to offer

the greatest refuge for solitary bottom fish, especially species pre-

ferring crevices and holes. Nevertheless, whitespotted greenling was

the only commonly observed species (Table 7), and only two other species

were sighted.

ties resulting

slope.

Densities were not quantified because of the difficul-

from poor visibility and the irregularity of the talus

Similar habitat was observed at Black Reef, approximately one-

fourth the distance from White Gull Island to Iniskin Bay. The rock

outcrop forming the reef extends vertically to a depth of about 5 m,

and then a slope of large boulders continues down to silty-sand sub-

strate at 12 m. Fish were quite scarce, and only a few whitespotted

greenling and an unidentified small sculpin were observed (Table 7).

In all, only four species were observed in about six man-hours of diving

on this type of habitat.
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TABLE 7

OCCURRENCE O R DENSITY  (FISH/M21  OF CONSPICUOUS FIsH
AT SEVERAL LOCATIONS IN KAMISHAK BAY, 1978

Knoll Head Lagoon

Taxon Survey date: llJun78 2Aug78 2Aug78 2Aug78

Padded sculpin o

Silverspotted sculpin o

unid. sculpin o

Masked greenling o

Whitespotted greenling P

B u t t e r  s o l e o

Rock sole P

Snake prickleback o

Great sculpin species o

unid. juv. flatfish o

Northern ronquil? o

Total number of fish:
Area surveyed (m*):
Density (fish/hectare )e: -
Corrected Depth (m): 3-6

Substrate: Boulders
inter-
spersed

wj’~ravel

0

0

0

0.016

0.016

0

0

0

0

0

0

2
60
300
0.5

0 0

0 ~b

o 0

0.050 0

0.100 0.051

0 0

0 0

0 0

0 0

0 0

0 0

6 6
40 117.5

1500 Sro
1.8 4.0

Bedrock and boulders
with gravel patches,

Alaria bed

LOCATION

White Gull
Island

12Jun78 3Aug78

Sa

o

0

0

s

o

s

o

0

0

0

5-8

Silty
grave 1

0

0

0

>

0

0

0

s

o

s

5-15

Black Scott Oil Cotton-
Reef Island Bay wood Bay

12Jun78 4Aug78 4Aug78 3Jun78

o 0 0 0
0 0 0 0
s o 0. 0

0 Pc o 0

s 0.067 0 P

o 0 P o

0 0 P P

o 0 c o

0 0 0 0

0 0 0.030 P

o 0 0 0

1 l “ -
15 30 150
667 333 -

3-1o 3 1-3 2

Boulder Boulder Sand w/ Silty Sandy
slope & slope & sparse sand silt
bedrock bedrock boulders

a s = S c a r c e
bP d

= Present c Guarding egg clutch c = Common ‘Fish/hectare = fish/m2 x 104
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4.2.2 Semi-Protected Rock Habitat - Knoll Head Lagoon

The moll Head Lagoon area is somewhat protected from wave

exposure and tidal currents by an offshore reef. The rock slopes gently,

and surface relief is somewhat less than at White Gull Island and Black

Reef. As a consequence, attempts to obtain estimates of fish densities

were relatively successful. Nevertheless, only four species of fish

were encountered (Table 7) . Whitespotted greenling was most common,

followed by masked greenling. Overall density in August was 643 fish/

hectare.

4.2.3 Soft Substrates

Silty sand habitats with scattered boulders were examined on

the west side of White Gull Island and south of Scott Island. Only four

species of fish were encountered in this habitat; as above, the most

common fish were whitespotted greenling (Table 7). Masked greenling

were observed around a boulder supporting Laminaria. Fish density was

quite low.

An exposed sand bottom was examined in Oil Bay. The dominant

large infaunal species was the razor clam (Siliqua patula). Most

important of the four fish species encountered were juvenile flatfish

and snake pricklebacks (Table 7) . Adults of two species of flatfish

were observed, and density was quite low.

A protected sandy silt substrate was examined in Cottonwood

Bay. The dominant large infaunal species were the basket cockle

(Clinocardium nuttallii) and the eastern soft shell clam (~ arenaria)

Only three species of fish were observed, but density was quite low

(Table 7); probably flatfish were most common.

4.3 Seasonal Patterns

.

Density and composition of the fish populations in Kachemak

Bay exhibited marked seasonal fluctuations. Maximum densities were

recorded during summer and early fall in the three detailed study areas.
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During summer months, these areas were dominated by non-schooling

species, as well as more pelagic fish such as salmon, herring and sand

lance. However by late fall most of these same species had either

disappeared from the nearshore, or become more secretive in behavior.

For example, on May 12, 1978 fish density was 710 fish/hectare in the

transect bands at Jakolof Bay (Table 4). With the progression of sum-

mer the density of fish increased dramatically. In the August survey,

fish density was 2100 fish/hectare; approximately half of these were

nest-guarding male greenings. Densities slowly declined during fall,

and by November 28, 1978 the overall density was 167 fish/hectare.

These low numbers cannot be attributed to seaweed canopies concealing

the fish from view because, at this time of year, vegetative cover i.s

generally light. In addition, the area examined per effort (AEPE) was

even greater than in previous surveys, yet still the counts remained

low (Figure 5).

4.4 Food Habits and Dietary Trends

Samples from the shallow water fish populations in Lower Cook

Inlet have been taken for the purpose of describing their food habits,

thus leading to a better understanding of trophic interaction in the

nearshore zone. The stomach contents of 258 specimens, comprised of 31

species have been examined for food items. Usually only adult fish

were examined, as juvenile stages of fish are sometimes known to exploit

different resources than the adult members of the same species.

Feeding has also been shown to be related to predator body size, and any

dietary trends established from this survey are mostly directed towards

the adult fish.

Most of the solitary bottom dwelling fish in the shallow water

zone are generalists or opportunistic predators. Some appear to scruti-

nize the sea floor prior to feeding, while others were observed to bite

indiscriminately at the substrate, rejecting or filtering out the

undesirable material during the feeding process. However, a few of the

fish were specialists, and as such restricted their mode of feeding to

specific types of prey.
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The data presented herein should not be construed as a definitive study

on f~sh food habits, it is however a start on understanding trophic

relationships, and establishing dietary trends for some of the common

species in the shallow waters of Cook Inlet and Kachemak Bay.

4.4.1 Bathymaster caeruleofasciatus

The Alaskan ronquil, which

(Gilbert & Burke) -’Alaskan ronquil

can attain a standard length of

268 mm, is probably one of the more common fish in the rocky sublittoral

zone. During daylight hours it was usually sheltered among the rocks,

particularly along the more exposed or seaward edge of a kelp forest.

It has been observed to pluck or give chase to food items a few meters

off the bottom, but most of the feeding was directed at the henthos.

Its diet was highly variable; twenty-five different categories or taxa

of prey are listed in Table 8. Based on our observations, Alaskan

ronquils are generalists, but since very little detritus or undiges-

tible fragments were contained in the stomachs of 23 specimens, the

fish must scrutinize the substrate before feeding. Gammaridean

amphipods were the most important prey, followed by caridean shrimp and

a brittle star (~ aculeata). Other important prey were crabs,

small fish and gastropod snails.

4.4.2 Lepidopsetta bilineata (Ayres) - rock sole

One of the most conspicuous flounders in the nearshore zone

is the rock sole. Nine specimens ranging in size from 270-338 mm SLI

were collected in Kachemak Bay. The food items obtained were princi-

pally epifaunal. For example, limpets (Notoacmaea spp.) comprised

58.7 percent (N=115) of the total prey (Table 9). Although the small

isopod Gnorimosphaeroma oregonensis was found in only one stomach,

this one specimen had ingested 38 isopods. Other important food

included brittle stars, polychaete worms, clam siphons and chitons

(Table 9). The rock sole is a versatile predator that dines on a

variety of prey. Most of the feeding observed over the past few years

has occurred in shallow water, and the target species and feeding zone

are associated with t-he benthos.
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TABLE 8

FOOD OF ALASKAN RONQUIL (Bathymaster Caeruleofasciatus)
FROM KACHEMAK BAY (N=23)

Frequency
of Occurrence

Percentage
of Totall’ood Items Number

gammaridean amphipods
caprellid amphipods
caridean shrimps
brachyuran juveniles
Ophiopholis  aculeata
(brittle star)
Paralithodes kamtschatica
(juvenile king crab)
Oreqonia gracilis
(decorator crab)
Mllsculus \Ternico~us
(I,lllssel)
Lacuna variegata
(snail)

11/23
1/2 3

14/23
2/23
7/23

76
3

22
4

11

41.7
1.6

12.1
2.2
6.0

3/23

2/23

4/23

2/23

3

2

5

4

1.6

1.1

2.7

2.2

Pagurus spp.
(hermit crab)

4/23 4 2.2

fj.sh larvae 1/23
1/23
2/23
6/23
2/23

2
10
5
6
3

1.1
5.5
2.7
3.3
1.6

megalops crab larvae
mysids
fishes
Cancer oregonensis
(crab)
Cucumaria sp.
(sea cucumber)
Mitrella sp.
(snail)
Wsitriton oregonesis
(oregon triton)
aeolid nudibranch
chiton
Rhodophyta
(red algae)
gastropod operculum
serpulid operculum
shell fragments
tanaid

1/23 1 0.5

1/23 1 0.5

1/23 1

1
2
8

0.5

l/23
2/23
8/23

0.5
1.1
4.4

3/23
l/23
l/23
2/23

3
1
2
2

1.6
0.5
1.1
1.1
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TABLE 9 ‘“

FOOD OF THE ROCK SO@3, (Lepidopsetta bilineata)
FROM KACHEMAK  BAY (N=9)

Frequency Percentage

Food Items of Occurrence Number of Total

Notoacmaea SJ?P.

(limpet)
polychaetes
chitons
clam siphons
Ophiopholis  aculeata
(brittle star)
gammaridean  amphipods
Eubonellia  vallidus
(echiuroid  wo~m)
Gnorimosphaeroma
(isopod)
MonOStrORIa  sp.
(green algae)
Rhodophyta
(red algae)

4/9

5/9
1/9
2/9
l/9

1/9
l/9

115

7
4
4

22

2
1

oregonensis 1/9 38

2/9

l/9

2

1

58.7

3.6
2.0
2.0

11.2

1.0
0.5

19.4

1.0

0.5
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4.4.3 Myoxocephalus  spp. - great SCUIPin

The taxonomy of the genus Myoxocephalus  is apparently in need

of revision. There are reports of a least 2 species: ~. polyacantho-

cephalus and M_. scorpius from the northern Gulf of Alaska (Quast and

Hall, 1972). Because of these taxonomic problems our

food habits are directed at the genus Myoxocephalus.

observations on

Myoxocephalus  is more of a specialist than some of the other

predatory bottom fish in this area. Seventeen specimens ranging from

270-571mm SLwere captured in the Bay. Of these, 14 contained food

items; stomach fullness ranged from 0-99 percent. Crustaceans, partic-

ularly brachyuran crabs, caridean shrimps and hermit crabs, made up

over 85 percent of the total prey (Table 10). A small rock crab,

Cancer oregonensis, two decorator crabs, and the helmet crab were

common food items. In addition, hermit crabs occurred in 4/14 captured

great sculpin. Fish were also contained in the diet. One great scul-

pin had a 371 nun ~. ~olyacanthocephalus  in itls stomach. Along with

the fish the sculpin had also eaten a large helmet crab.

Most of the food material was swallowed whole. Great sculpin

seem to be an ambush predator that lies in wait for its prey. The some-

what lethargic behavior and cryptic coloration makes it ideal for this

kind of predation.

4.4.4 Enophrys diceraus (Pallas) - antlered sculpin

Antlered sculpin were common around the kelp forests at Sel-

dovia Point and Jakolof Bay. These fish ranged in length from 50-270 mm.

Nine specimens were collected for food habits information; of the eight

with food material in stomachs, fullness ranged from 40-90 percent. This

is another relatively sluggish cottid; a good indication of its sedentary

behavior is the fact that most antlered sculpin examined had marine

leeches and parasitic copepods  attached to their bodies. All identifi-

able food material contained in the stomachs of these sculpins  was of

benthic origin. The major prey item was the green sea urchin

Strongylocentrotus  droebachiensis ranging in size (test diameter) from
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TABLE 10

FOOD OF GREAT SCULPIN (Myoxocephalus SPP.)
FROM KACHEMAK  BAY (N=14)

Frequency Percentage

Food Items of occurrence Number of Total

Oregonia gracilis 3/14

(decorator crab)
Telmessus cheiragonus 2/14

(helmet crab)
Pugettia gracilis 3/14
(spider crab)
Cancer oregonensis 5/14

(crab)
caridean shrimps 5/14

Pagurus ochotensis 3/14

~ crab)
Myoxocephalus polyacanthocephalus
(great sculpin) 1/14

aammaridean amphipods 1/14.
Elassochirus g;lli 1/14

(hermit crab)
Rhodophyta 2/14

(red algae)

4

2

4

8

5
3

1
2
1

2

11.8

5.9

11.8

23.5

14.7
8.8

2.9
5.9
2.9

5.9

1
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14-22 mm (Table 11). Typically, E. diceraus swallows its prey whole.—

One antlered sculpin (270 mm) taken from Jakolof Bay had eaten 14

S. droebachiensis ranging from fresh ones lodged in the mouth and—

esophagus to well digested ones in the intestinal tract. The dissected

sculpin resembled an assembly line processing sea urchins from the

mouth to the lower end of the alimentary canal. Other food items were

limpets, brittle stars, snails, crabs and gammarid amphipods.

4.4.5 Hemilepidotus hemilepidotus (Tilesius) red Irish lord

Red Irish lord also dines on benthic macroinvertebrates.

Five of the eight specimens collected during summer 1978 contained iden-

tifiable food items. The fish ranged in size from 195 to 362 mm.

Brittle stars (Ophiopholis aculeata) were found in 40% of the stomachs

and accounted for 44.8 percent of the total number of food organisms

(Table 12).

around 15.9

a decorator

A small cancroid crab was found in 60% and comprised

percent of the

crab, caridean

total prey. Other prevalent food items were

shrimps, hermit crabs and red algae.

4.4.6 Tidepool Species

Sufficient evidence of trophic interaction between tidepool

fishes was collected to permit constructing a qualitative food web

(Figure 6). Three of the more conunon species from the intertidal zone

are tidepool sculpin (Oligocottus maculosus) , sharpnose sculpin

(Clinocottus  acuticeps), and spotted snailfish (Liparis callyodon).

These specimens were collected in Kachemak Bay during 1977-78, and most

were taken in the proximity of the shallow subtidal stations.

4.4.7 Hexagrammos decagrammus  (Pallas) - kelp greenling

Kelp greenling were one of the most widely distributed bottom-

dwelling fish in Kachemak Bay. In the daytime, it was frequently seen

resting on the seafloor or swimming slowly through kelp forests.

Rarely was it more than a few meters above the bottom.

Diet was quite varied in the 13 specimens that contained food
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14-22 mm (Table 11). Typically, ~. diceraus swallows its prey whole.

One antlered sculpin (270 mm) taken from Jakolof Bay had eaten 14
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mouth to the lower end of the alimentary canal. Other food items were
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Red Irish lord also dines on benthic macroinvertebrates.

Five of the eight specimens collected during summer 1978 contained iden-

tifiable food items. The fish ranged in size from 195 to 362 mm.

Brittle stars (Ophiopholis  aculeata) were found in 40% of the stomachs

and accounted for 44.8 percent of the total number of food organisms

(Table 12). A small cancroid crab was found in 60% and comprised

around 15.9 percent of the

a decorator crab, caridean

4.4.6 Tidepool Species

total prey. Other prevalent food items were

shrimps, hermit crabs and red algae.
*

Sufficient evidence of trophic interaction between tidepool

fishes was collected to permit constructing a qualitative food web

(Figure 6). Three of the more common species from the intertidal zone

are tidepool sculpin (Oligocottus  maculosus) , sharpnose sculpin

(Clinocottus  acuticeps),  and spotted snailfish (Liparis callyodon).

These specimens were collected in Kachemak Bay during 1977-78, and most

were taken in the proximity of the shallow subtidal stations.
● -

.

4.4.7 Hexagrammos decagrammus (Pallas) - kelp greenling

Kelp greenling were one of the most widely distributed bottom-

dwelling fish in Kachemak Bay. In the daytime, it was frequently seen

resting on the seafloor or swimming slowly through kelp forests.

Rarely was it more than a few meters above the bottom.

Diet was quite varied in the 13 specimens that contained food
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TABLE 11

FOOD OF ANTLERED SCULPIN (Enophrys diceraus)
FROM KACHEMAK  BAY (N=8)

Frequency Percentage
Food Items of Occurrence Number of Total

Strongylocentrotus droebachiensis
(sea urchin) 7/8 27 79.4
Collisella  = (Acmaea)pelta l/8 1 2.9
(limpet)
Ophiopholis  aculeata 1/8 1 2.9
(brittle star)
Acmaea mitra l/8 1 2.9
(limpet)
Cancer sp. l/8 1 2.9
(crab)
Calliostoma ligature 1/8 1 2.9
(top-shell)
gammaridean amphipods 1/8 1 2.9
Volutharpa ampullacea l/8 1 2.9
(snail)
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TABLE 12

FOOD OF THE RED IRISH LORD (Hernilepidotus
FROM KACHEFIAK  BAY (N=5)

hemilepidotus)

Frequency Percentage
Food Items of Occurrence Number of Total

caridean shrimps
Ophiopholis  aculeata
-le star)
Pugettia gracilis
(crab)
Cancer oregonensis
(crab)
chitons
Elassochirus gilli
(hermit crab)
Fusitriton oregonensis
(snail)
polychaetes
Sertularella sp.
(hydroid)
Cryptochiton stelleri
(chiton)
sea star arm
Phaeophyta
(brown algae)
Wodophyta
{red algae)

2/5
2/5

2/5

3/5

1/5
1/5

1/5

1/5
l/5

1/5

l/5
1/5

3/5

2
17

2

6

1
1

1

1
1

1

1
1

3

5.3
44.8

5.3

15.9

2.6
2.6

2.6

2.6
2.6

2.6

2.6
2.6

7.9
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items (Table 13) . At times, feeding must be indiscriminate, based on

the amount of detritus, gravel and undigestible material found in the

gut. However, on other occasions, foraging is probably more specific.

Principle foods were gammaridean amphipods, caridean shrimps, snails

of the genus Lacuna, and a small cancroid crab. Usually the prey were

associated with the attached vegetation. One female (429 mm) was

found to have eaten the operculum  and foot of eight Oregon tritons.

Another highly specific food item was the operculum and stalk of the

serpulid worm Crucigera zygophora.

4.4.8 Hexagrammos lagocephalus  (Pallas) - rock greenling

One of the most exquisitely colored fish in the inshore zone

is the male rock greenling. During summer, mature males range from

reddish-brown to blood-red in body coloration, mottled with green and

turquoise blue. Rock greenling, which can exceed a total length of

400 mm, were quite numerous in the shallow portions of the subtidal

zone.

All eight rock greenling collected in Kachemak Bay, ranging

in size from 90-438mm SL had food material in their stomachs. Stomach

fullness averaged 74 percent. Degree of stonmch fullness, condition

of the prey and our in situ observations suggest that most feeding——

takes place during daylight hours. Sixteen different categories of

food material were consumed by these fish (Table 14). Gammaridean

amphipods accounted for 47.4 percent of the total. Crustaceans, gastro-

pod snails and fish eggs were important constituents of the diet during

summer. Siphons of the butter clam, were found in 25% of the stomachs,

and comprised 11.4 percent of the food items. Lacuna, a small snail

typically associated with benthic vegetation, made up another 12.4

percent. Both juveniles and adult stages of brachyuran crabs accounted

for another 7.0 percent. Fish eggs, particularly those of other hexa-

grammids, were common in the stomachs of the captured specimens. Eggs

were present in 5 of 8 fish, and in some of the H_. lagocephalus,eggs

made up 70 percent of the ingested biomass. Rock greenling are omni-

vorous carnivores that ingest macroalgae incidental to the uptake of
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TABLE 13

FOOD OF KELP GREENLING (Hexa9r~s decagrammus)
FROM KACHEMA.K BAY (N=13)

Frequency of Percentage

Food Items Occurrence Number of Total

3/13
7/13
1/13
1/13
1/13

73
14
2
1
2

42.2
8.1
1.2
0.6
1.2

gammaridean amphipods
caridean shrimps
brachyuran juveniles
tanaids
Pugettia gracilis
(crab)
Cancer oregonensis
(crab)
Lacuna spp.
(snail)

5.8107/13

12.74/13 22

1 0.61/13Velutina sp.
(snail)

3
1
3
1

14
3

1.7
0.6
1.7
0.6
8.1
1.7

2/13
1/13
3/13
1/13
2/13
2/13

clam siphons
polychaetes
fishes
fish eggs
serpulid operculum
Elassochirus gilli
(hermit crab)
chitCnS 1.2

1.2
2/13
2/13Pagurus spp.

(hermit crab)
1 0.61/1 3NotoaCIIIaea sp.

(limpet)
4.681/13Fusitriton oregonensis

(snail)
1.2
0.6

2113
1/13

-)*

1
sipunculid worm
Sertularella
(hydroid)

Spp .

1/13 1 0.6

5/13 5 2.9

1/13 1 0.6

Balanus SP.
(barnacle)
Rhodophyta
(red algae)
Phaeophyta
(brown algae)
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TABLE 14

FOOD OF ROCK GREENLING (Hexagrammos lagocephalus)
FROM KACHEMAK  BAy (N=8)

Frequency Percentage
Food Items of Occurrence Number of Total

gammaridean amphipods
caprellid amphipods
brachyuran juveniles
caridean shrimps
clam siphons
fishes
fish eggs

3/8
1/8
1/8
l/8
2/8
1/8
5/8
1/8

54
2
1
1

13
1
5
1

47.4
1.7
1.0
1.0

11.4
1.0
4.4
1.0Oregonia gracilis

(decorator crab)
Lacuna spp.
(snail)
Cancer oregonensis
(crab)

1/8 14 12.3

74/8 6.1

Elassochirus  gilli
(hermit crab)

1/8 1 1.0

Fusitriton oregonenis
(snail-operculum  & foot)

2/8 4 3.5

?bietinaria sp.
(hydroid)
Rhodophyta
(red algae)
Phaeophyta
(brown algae)
detritus

2/8 2 1.7

4/8 4 3.5

22/8 1.7

2/8 2 1.7
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animal material.

4.4.9 Hexagrammos  stelleri (Tilesius)- whitespotted greenling

Whitespotted greenling are characteristically found in more

protected habitats of Kachemak Bay and Lower Cook Inlet, but individuals

are also observed in more exposed areas. The foraging behavior and

activity pattern of this fish seems to be similar to H. decagrammus,—

with active feeding on the bottom during the day. Nine of eleven

specimens taken for food habits information in Kachemak Bay had identi-

fiable material in their stomachs (Table 15]. Another sixteen ~. stelleri

were collected at White Gull Island and Knoll Head Lagoon, Kamishak Bay,

to compare diets between seemingly different habitats (Table 16). The

data suggest that H. stelleri feeds heavily on crustaceans, gastropod

and small fish. Gammaridean amphipods comprised 24.4 percent of the

total from Kamishak Bay. Caridean shrimps were found in 7/9 specimens

from Kachemak Bay and 7/16 of those taken in Kamishak Bay; the percen-

tage of the total was 15.1 and 11.4 percent, respectively. Some

differences in diet were noted. For example, Cancer oregonensis com-

prised 25.6 percent of the total food items in Kachemak

insignificant in Kamishak Bay.

Other important food items were hermit crabs,

Bay but were

decorator crabs,

the operculum and foot area from gastropod snails, and demersal fish

eggs. The fish eggs were from other greenings, and this pilfering of

eggs from the nests of both conspecifics and congeners is apparently a

common practice with the hexagrammids.

4.4.10 Hexagrammos octogrammus  (Pallas) - masked greenling

Masked greenling ranging from 154 and 243 mm SL were collected

in Kachemak Bay, and from

mer 1978. Most were nest

at Jakolof Bay, fish eggs

of occurrence and biomass

Knoll Head Lagoon in Kamishak Bay, during sum-

guarding males. From the specimens obtained

were a dominant food item in terms of frequency

(Table 17). The size and a~earance of the

eggs suggests that they were obtained from the nests of other greenings.

Brittle star arms occurred in 33% and accounted for 17.4 percent of the
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TABLE 15

FOOD OF WHITESPOTTED GREENLING (Hexagrammos
FROM KACHEMAK BAY (N=9)

stelleril

Frequency Percentage
Food Items of Occurrence Number of Total

gammaridean amphipods
caridean shrimps
Pugettia gracilis
(crab)
Sebastes SP.
(rockfish)

C a n c e r  oregonensi.s
(crab)
Pagurus sp.
(hermit crab)

5/9
7/9
1/9

21
13
1

24.4
15.1
1.2

2/9 2 2.3

5/9 22 25.6

2/9 2 2.3

Paralithodes kamtschatica
(juvenile king crab)

1/9 1 1 . 2

2/9Fusitriton oregonensis
(snail)

2 2.3

Pagurus ochotensis
(hermit crab)

1/9 1 1.2

Cancer sp.
(crab)
Oregonia gracilis
(decorator crab]
fish eggs
nemertean
Abietinaria sp.
(hydroid)
Elassochirus  gilli
(hermit crab)
polychaetes
detritus
Rhodophyta
(red algae)

2/9 4 4.7

3/9 5 5.8

2/9
1/9
2/9

2
1
2

2. 3
1.2
2.3

l/9 1 1.2

1/9
2/9
2/9

2
2
2

2.3
2.3
2.3



TABLE 16

FOOD OF WHITE-SPOTTED GREENLING (Hexagrammos stelleri)
FROM THE WEST SIDE OF COOK INLET (N=16)

Frequency Percentage
Food Items of Occurrence Number of Total

gammaridean amphipods
caridean shrimps
Pugettia  gracilis
(crab)
megalops crab larvae
Musculus Sp.
(mussel)
Pagurus spp.
(hermit crab)
Fusitriton oregonensis
(snail)
Pagurus beringanus
(hermit crab)
Elassochirus gilli
(hermit crti)
Telmessus  cheiragonus
(helmit crab)
Oregonia gracilis
(decorator crab)
fish eggs
Cancer oregonensis
(crab)
gastropod operculum
Corella sp.
~c~an )
sabellid tubes
polychaetes
Sertularella
barnacle cirri
fishes, unid.
Sertularia sp.
eelgrass
Rhodophyta
(red algae)

6/16
7/16
2/16

3/16
2/16

8/16

4/16

1/16

2/16

1/16

1/16

3/16
1/16

3/16
1/16

1/16
1/16
2/16
1/16
1/16
2/16
1/16
5/16

17
12
5

1 6
2

1 2

7

4

2

1

1

3
1

6
1

2
1
2
1
1
2
1
5

16.2
11.4
4.8

15.2
1.9

11.4

6.7

3.8

1.9

0.9

0.9

2.9
0.9

5.7
0.9

1.9
0.9
1.9
0.9
0.9
1.9
0.9
4.8
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TABLE 17

FOOD OF MASKED GREENLING  (Hexagrammos octogrammus)
FROM KACHEMAK BAY (N=6)

Frequency Percentage
Food Items of Occurrence Number of Total

caridean shrimps l/6
l/6
1/6

1
1
1

4.4
4.4
4.4

caprellid amphipods
Cancer sp.
(crab)
Ophiopholis  aculeata
(brittle star)

2/6 4 17.4

fish eggs 5/6 5 21.7
(greenling)
Oregonia gracilis
(decorator crab)

1/6 1 4.4

Abietinaria sp.
(hydroid)

2/6 2 8.7

1/6
1/6

polychaetes 3
1

13.0
4.4Elassochirus  gilli

(hermit crab)
Phaeophyta 2/6 2 8.7

8.7
(brown algae)
Rhodophyta 2/6 2
(red algae)
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total number of identifiable food material. Polychaete worms were also

prominent in the diets of the Jakolof Bay population. Mollusks were

comm~n in the stomachs of masked greenling from Knoll Head Lagoon

(Table 18). For example, one fish (136 mm) had eaten 62 Margaritas

helicinus prior to capture. A chiton (Tonicella) and a snail (Lacuna)

accounted for 17.4 percent and 5.7 percent of the total, respectively.

polyckiaetes  and gammarid amphipods were also common. Based on these

limited numbers, it appears that masked greenling are opportunistic

predators that feed on a variety of epibenthic organisms.

4.4.11 Sebastes melanops (Girard) - black rockfish
& Sebastes ciliatus (Tilesius)  - dusky rockfish

Black rockfish and dusky rockfish were initially recorded as

only one species - Sebastes melanoDs. This was due to our inability at

first to recognize the two as distinct fish. However, after more in-

tense study the two species were distinquished. Both aggregate in small

to moderate size schools along the edges of the kelp forest at Seldovia

Point. At times the schools were mixed. Both species have been

observed to feed during the day, but the condition of some of the food

material suggests that it was obtained during nocturnal hours.

Plankton is the most important component in the diet of the

dusky rockfish. Calanoid copepods,  ctenophores, megalops crab larvae,

chaetognaths and tomopterid polychaetes were repeat food items. These

same plankters  were also found in the stomachs of black rockfish, how-

ever small fishes seem to play a key role in the diets of larger

individuals. For example, one S. melanops had two righteye flounder

in its stomach. In addition, juvenile rockfish and sandlance were

consumed by black rockfish living off Seldovia Point.

4.4.12 Feeding Patterns in Fishes from Rocky Subtidal Habitats

The three main types of data collected regarding feeding by

each predator species are 1) prey taxa consumed, 2) number of each prey

item and 3) number of predators consuming each prey item. A comparison

of the relative contribution to the total diet of each predator, in
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TABLE 18

FOOD OF MASKED GREENLING (Hexaqrmos octo9ra~us)
FROM THE WEST SIDE OF COOK INLET (N=4)

Frequency Percentage
Food Items of Occurrence Number of Total

gammaridean amphipods
caridean shrimps
Margarites helicinus
(snail)
Lacuna sp
(snail)
Tonicella  spp.
(chiton)
fish eggs
(greenling)
Pagurus beringanus
(hermit crab)
polychaetes
polychaete jaws
Fhodophyta
(red algae)
gravel

2/4
2/4
1/4

1/4

2/4

1/4

1/4

3/4
1/4
2/4

1/4

10
4

62

6

20

1

1

4
4
2

1

8.7
3.5

53.9

5.7

17.4

0.8

0.8

3.5
3.5
1.7

0.8
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terms of numbers, by each prey category is presented in Appendix I.

Hcwever, because of the potential bias by a single anomalous feeding,

especially with a small sample size, this comparison has limited value,

A comparison of the relative proportions of each predator population

consuming major prey items may provide a better indication of prey

resource utilization and competitive interactions (Table 19). Major

prey taxa are defined as those upon which over 20 percent of the sam-

ple population of at least one predator were observed to feed.

Nineteen prey items qualified as major foods. Only four of

these were planktonic, and only dusky rockfish commonly consumed them.

Among the remaining benthic prey, crustaceans dominated and epifaunal

organisms were more important than infaunal. Eight (53%) of the

benthic items were taken as prey by at least half of the predator

species suggesting potentially strong competitive interactions. This

pattern was particularly strong in crustaceans (e.g.? Cancer oregonensisl

caridean shrimp, gammarid amphipods and hermit crabs) among Alaskan

ronquilr great sculpin, red

masked greenling.

Probably

greenling species.

the most

This is

Irish lord, and kelp, rock, whitespotted and

intense competition

apparently not only

occurs between the four

for food but also for

nest sites. Nest guarding behavior is necessarily quite aggressive as

indicated by the high incidence of greenling eggs in the stomach con-

tents of those species. Both inter- and intraspecific nest robbing

occur seasonally.

Dusky rockfish and antlered sculpin had the most restricted

diets. The diets of these species and rock sole differed most distinctly

from the above mentioned group and from each other, with dusky rockfish

specializing in planktonic  forms, antlered sculpin

rock sole in worms, limpets and possibly isopods.

Snails

but the issue is

were somewhat more important than

in sea urchins and

indicated by Table 19$

partially hidden by the fact that eleven snail species
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TABLE 19

PERCENTAGES OF FISHES FROM ROCKY
FEEDING ON MAJOR PREY TAXA

Major Prey Taxa

PLANKTON

Tomopterid polychaetes

Chaetognaths

Crab megalops

Calanoid copepods

BENTHIC INFAUNA

Polychaetes

Clam siphons

BENTHIC EPIFAUNA

Lacuna sp

Limpets

Chitons

Cancer oregonensis

Caridean shrimp

Gammaridea

Hermit crabs

Oregonia gracilis

Pugettia gracilis

Ophiopholis  aculeata

Strongy locentrotus
droebachiensis

Greenling eggs

Fishes

No. of Specimens
Examined:

40

40

4012

20

8 40—
56*
—

22

20 8

15 25

9 31 13 1 0

44 25 8— —

9 11 40 15 20

9 36 13 60 54 50 32 10— — —  .

61 36 40 54 13 56 30 25— — — — —

48 11 7 13 23 38 47 20— —

17 21 20 15 13 50 20—

9 21 13 16 10

21 1240 8

4030 11 20

88—

8 63 20 60

26 7 23 13 12

23 9 14 8 5 13 8 25 10

75—

4 5
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were identified as fish food. ‘“: Although apparently preferred by a large

number of individual fish, frequently the number or biomass of snails

consumed was high. Snails comprised 48.9, 18.5, 15.8 14.7 and 11.6% of

the diets, respectively for masked, kelp, rock and whitespotted green-

ling and antlered sculpin. The large species Fusitriton oregonensis

was taken by the most species (five predators)? followed by Lacuna spp.

(four predators).

4.4.13 Feeding Patterns in Fishes from Sand Beach

Stomach contents

beach seine hauls at Homer

The raw data are presented

of 83 specimens from 15 species collected in

Spit were examined to assess feeding patterns.

in Appendix 11. Forty-one food items were

identified, comprising mainly worms, crustaceans? clams and fish. Forage

species (sand lance? surf smelt, and capelin)? salmon fry and stickle-

backs concentrated on planktonic food items(Table 20). Most other

species concentrated on benthic prey, especially gammarids and other

crustaceans. Pacific staghorn Sculpin and several species of flatfish

also preyed on the major forage fish (sand lance and surf smelt). Rather

surprisingly although eleven polychaete taxa were identified as food

items, worms were not a major food item for any fish species. Prey items

utilized by the largest number of species were gammarid amphipodsr cuma-

ceans, harpacticoid copepods, eggs, calanoid copepods and polychaetes

(Appendix II).

-.
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TABLE 20

PERCENTAGE OF FISH FROM SAND BEACH IN WHICH PREY SPECIES
WAS THE DOMINANT FOOD ITEM

Dominant Prey Species

(N~ ]ti ! !IdtiltidPredator

pacific sand Iance(lg)

Surf smelt

Capelin

Dolly Varden

Pink salmon juv.

Threespine
sticklebacks

Sturgeon poacher

Tubenose poacher

Greenling  juv.

Snake prickleback

Pacific staghorn
sculpin

Rock sole

English sole

Starry flounder

Sand sole

No. of Species

Preferring:

(9) 78

(2) 50

(9)

(6) 67

(5)

(6)

(3)

(1)

(1)

(8)

(6)

(5)

(1)

(1)

3

84 5

3

50 3

38 50 9

9

80

60 40

100

100

100

25 37

67

80

100

7

4

3

3

4

6

21

9

3

100 3

2 2 5 2 1 2 11

595



5.0 SUMMARY

assemblages of Lower Cook Inlet include at

are typically found in the nearshore zone,

1. The shallow water fish

least 56 species which

Fourteen percent of the fish were previously unreported in these

waters. These are: tube-snout, copper rockfish,  brown Irish lord,

scalyhead sculpin, arctic shanny, smoothhead sculpin and bonyhead

sculpin.

conducted during 1978 at several general areas on the

Cook Inlet (especially Jakolof Bay, Seldovia Point and

shelf) . Field work was also carried out on the west

2. Surveys were

east side of

the northern

side of the Inlet around White Gull Island and in the vicinity of

Knoll Head Lagoon. Direct observations and quantitative sampling

was done while SCUBA diving from3-23 m below MLLW.

3. The composition of the ichthyofauna was different at each location.

Jakolof Bay and Seldovia Point were most similar in terms of species

composition, while Jakolof Bay and the Northern Shelf were least

similar. Non-schooling species dominated the nearshore fish fauna

in all rocky locations. Sculpins (Cottidae), greenings (Hexagram-

midae) , ronquils (Bathymasteridae) , and rockfishes (Scorpaenidae)

were the major families in the rocky subtidal zone. However, only

greenling were corinnon on rock habitats in Kamishak Bay.

4. Replicate samples indicated that fish populations varied substan-

tially in space and time on both rock and sand substrates. Seldovia

Point had the highest numerical density, followed by Jakolof Bay

and the northern shelf. Overall mean density estimates ranged from

585 fish/hectare along the shelf to 1539 fish/hectare at Seldovia

Point. Densities of demersal fish in inshore waters are highest in

summer and lowest in winter.

5. Black rockfish and dusky rockfish were the most abundant schooling
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6.

7.

8.

9.

10.

11.

12.

fish in the rocky subtidal zone in Kachemak Bay, while Alaskan

ronquil and kelp greenling were the’ dominant demersal species.

Other common species in terms of frequency of occurrence were

whitespotted greenling, rock greenling and northern ronquil.

In Kachemak Bay, the subtidal rocky reefs and outcropping that

occur along outside edge of the kelp forests usually supported the

highest density of fish. Shallow areas with abundant vegetative

cover were typically high in species richness, especially during

summer months when there was an influx of fish into these habitats.

Whitespotted and masked greenling were the

on rock habitat in Kamishak Bay.

Demersal fish assemblages on subtidal soft

dominant demer:al fishes

substrates were 9.snek-

ally characterized by flatfish in both Kachemak and Kamishak Bays.

Important species in the fish assemblage ona sand beach in summer

included Pacific sand lance, Pacific staghorn sculpin~ English sole,

rock sole, sturgeon poacher and Dolly Varden. The catches were

dominated by juveniles. Several forage species were common.

The only species

Pacific staghorn

low.

observed on sand in winter were Pacific sand lance?

sculpin and surf smelt. Densities were extremely

~,
?.

Beach seine catches varied significantly between high and low tide

in the summer at Homer Spit.

The stomach contents of 258 specimens, comprised of 31 species,were

examined for food material. Most of the non-schooling species

encountered in shallow water were generalists or opportunistic pre-

dators. The most commonly consumed prey were gammaridean amphipods~

brachyuran crabs, caridean shrimps, brittle stars, gastropod and

hermit crabs.
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13. The prey groups west frequently ingested by tke fish pop@ations

from rocky habitats

associated with the

14. Both planktonic and

assemblages on soft.

on planktonic items

items or fish.

in lower Cook Inlet a~.e ep$faunal  and strongly

macrophyte (seaweed and’.s.ea.grassJ  rescn~rce.

b.enthic prey groups ,a~e utilized by fish

substrates. Genezally, sch~oliq?,spec$es fed

whereas non-schooling s+p.~ci.es  fed on henthic

,.

,.,

,.
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APPENDIX 1

percentage (%) oF TOTAL NUMBER OF FOOD ITEMS CONSUMED By CONSPICUOUS
PRSDATOR  SPECIES FROM THE SHALLOW SUBTIDAL ZONE, KACHEMAK  BAY

Food Items

Wsids

Gammarids

Tanaids

I sopods

Caprellids

Fishes

Fish larvae

Calanoid  copepods

Caridean  shrimps

Brittle stars

Hermit crabs

Chitons

Brachyuran megalOPS

Brachyuran crabs

Polychaetes

Chaetognaths

Sea urchins

Sea cucumbers

Gastropod

Gastropod operculums

Lithodid crabs

Mussels

Sipunculids

Ctenophores
Hydroid fragments

Limpets

Clam siphons

Nemerteans

Tomopterids

Red algae

Brown algae

Green algae

Detritus

3

42

1

2

3

1

12

6

2

1

6

4

1

1

4

2

2

3

5 9

2

4 1 6

1

3

3

3

7 9

6

6

47

1

5 1

45

3 1

3

21 8

3

42

1

2

8

3

1

8

9

24

2

15

5

37

12 13

3 4 5 2

1

4

4

17

4

9

13

7

2 9

6

1 6

2 4

1

9

2 1 2 9

1

11 2

1

9

B 4 3 2 9

3 2 6 9

2 2
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APPENDIX 2

FREQuENCY OF OCCURRENCE OF PREY ITEMS IN DIET OF PREDATOR SPECIES
FROM BSACH ON WEST SIDE OF HOMER SPIT, 1978

-...

10
10
8 7 1 4 1 1

1
1

1

1

7 3 4

1

1

1

1 1 1

3 1 1

8

1

PLANKTERS

Calanald copepods* 16 1 3 1 1

Clacocerans 11

?Hyperild anp’hipods 1

Euphausiids* 1 1

Cypris larvae
(barnacles)

Veilgers

Eggs*

BENT:iOS

WO?:.IS

Abarenicola  ?pacifica__—

?Echiuru5  echiurus_——— .—

Eteone  nr =

Eteone- 5P

Magelona  sp

I:ephtys  sp

Nerels sp

PhvlIotioce qroenlandica

Scolelepis  sp

ScOlOalOs armiqer

Spionidae

CRUSTACEhfJS  - Gammaridea

Anisoqammarus puqettensis

Anlsogammaru~ Sp

Atylus Sp

Gammarldea,  unid.

?Oedicerotidae

Parauhoxus SP_—
Synopiidae

Talltroidea

CRUSTACEAflS - Miscellaneous

?~~~~~h~~y~is Sp
Archaeomysls sp

Car Idea, unld.

Crangan  sp

Cunaceans

Dlptera

Harpacticoidea

2

1

1 1

2 1
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FREQUENCY OF OCCURRENCE OF PREY ITEMS IN DIET OF PREDATOR SPECIES

FROM BEACH ON WEST SIDE OF HOMER SPIT, 1978
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INTRODUCTION

Alaska’s Continental Shelf supports abundant and diverse fish and
shellfish populations. At the same time, these areas contain or may
contain natural gas and oil. Since the 1970’s, the Outer Continental
Shelf Environmental Assessment Program (OCSEAP) has been funding re-
search over much of the Alaskan shelf. These studies collected biolo-
gical, chemical, geological, and physical baseline data to be used in
managing the natural resources of the shelf.

The shelf off Yakutat represents only a small portion of Alaska’s
Continental Shelf; however, it supports several fish and shellfish taxa
of commercial and ecological importance (Table 1). While adult distri-
butions and abundances for many taxa are known from commercial trawl
catches, relatively little is known about epipelagic larval and egg
stages of these taxa or about forage fish which also frequent the epi-
pelagic zone.

This report constitutes Part I of a proposed two-part study of mero-
plankton (pelagic eggs and larvae of fish and shellfish), juvenile fish,
and forage fish in the Yakutat Bay area, and is preliminary to field
work to be conducted in spring, summer, and fall of 1981. The specific
objectives of this report were to: 1) review and analyze information on
the distribution and abundance of the selected taxa and on the basis of
this information to assess their probable occurrences, geographic distri-
butions, and relative abundances in the region off Yakutat; 2) present
information on general spawning biology, history of the commercial fish-
eries, and adult catch statistics.

Part 11 of the study will include three field sampling periods
(2- 3 weeks, each) and the objectives will be to: 1) determine seasonal
occurrence, spatial distribution, and relative abundances of epipelagic
life stages of selected species of commercially important fish, shell-
fish, and forage fish, 2) assess the potential vulnerability of those
species to spilied hydrocarbons with respect to position in the water
column, season, relative abundance in the study area, and known effects
on epipelagic life stages of the organisms, and 3) identify information
gaps and present an approach for future study in the region.
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Table 1. Target species for Yakutat meroplankton  and juvenile fish and
forage fish survey, 1980-1981.

Life stage

Taxa Egg Larvae Juvenile Adult

Forage Fish
Pacific herring-C2upea  harengus pallasi
pacific sand lance-Ammodytes hezapterus
Capelin-McZllOtUS  Vii!lOSUS

Salmon
Pink salmon-Oncorhynchus  go~buseti
Chum salmon-O. keta
Coho salmon-O. kisuteh
Sockeye salmon-O. nerka
Chinook salmon-O. ksh~~tscha

Demersal fish and shellfish
pacific cod-Gadus maerocephalus
Walleye pollock-Theragra eh.alcogrcwna
Pacific ocean perch-Sebaskes alutus
Sabiefish-Anoplopoma  fimbria
Arrowtooth flounder-Atheresthes  stomias
Pacific halibut-Hippoglossus  stenolepis
Starry flounder-P2atichthys  stellatus
Butter sole-Isopsetta iso~epis

Dungeness crab-Cancer magister
Tanner crab-Chionecetes bairdi
Weathervane  scallop-Patinopeeten  .caurinus
Razor clam-Siliqua patula

x

x
x
x
x
x

x
x

x
x
x

x
x
x
x
x
x
x
x

X*
X*
x
x

x x
x x
x x

x
x
x
x
x

x
x
x
x

*Further sorting and analysis to zoea and megalops stages.
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STUDY AREA

The Yakutat region is located in the northeastern Gulf of Alaska
about halfway between Prince William Sound and southeastern Alaska. It
is largely open coast, with the exception of Yakutat Bay. Mountains
rise from sea level rather abruptly and, in some areas, attain.
heights of 900 to 5,400 meters. From many of these emerge large alpine
glaciers. The coastline is intersected by a large number of glacially
fed rivers and streams and the shoreline is composed of wide sandy
beaches. The Continental Shelf is about 60 to 90 km wide, except for
incursions at Yakutat Bay and Dry Bay (Alsek Canyon). The waters over
the shelf support commercial fisheries for salmon, halibut, groundfish~
king crab, tanner crab, Dungeness crab, shrimp, and scallops.

The Alaska current is the prevailing current of the area and flows
in a northwesterly direction at about 16 cm/sec (Arctic Environmental
Information and Data Center and Institute of Social, Economic, Govern-
ment Research, 1974). At Yakutat, the diurnal tide range is about
3.1 m. Because of the close proximity to the sea, there is a marine
influence on the climate, resulting in cloudy skies, fog, heavy annual
precipitation, and fairly mild temperatures. Rain occurs on an average
of 63% of the days in a year, and the average annual precipitation to-
tals over 335 Cm (132 inches). The prevailing wind direction is west-
erly and the average wind speed is 7.7 knots. Sea ice is not generally
found although pieces of ice do break off in sites of coastal glaciers
(Brewer et al. 1977).

Sampling is proposed for April-May, July-August, and October. Aver-
age air temperatures for these months are about 2°, 6°, 12°, 12°, and
4.5oC, respectively and the frequency of precipitation, based on hourly
observations, ranges from 24.9% in April to 41.0% in October. The per-
cent frequency of occurrence of obstructions to vision (fog) based on
hourly observations is 9.0, 9.7, 19.7, 21.3, and 10.8 for the above
months, respectively (Brewer et al. 1977).

The proposed study area (Fig. 1) encompasses the waters of the Con-
tinental Shelf between Point Manby (on the north shore of Yakutat Bay)
LO Cape Fairweather. Yakutat Bay opens to the southwest, extending in-
land for about 63 km before it bends to the south ending in a diverti-
culate fjord; the longer arm (Russell Fjord) is an additional 58 km.
Depth at mid-bay is about 60 fm. Hemlock-spruce forests are located
around the main part of the bay with meadows and barren areas in the
vicinity of the glaciers at the head of the fjords.

The coniferous forests extend southward from Yakutat Bay to Dry Bay
but are interrupted by a strip of watersedge tundra in the low-lying
areas near the coast. This area is considerably moist, containing many
river drainages. The Continental Shelf in this vicinity is relatively
wide. Dry Bay itself is very shallow and is fed by the Alsek River, the
largest river in the area. From just south of Dry Bay to Cape
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Fairweather, the hemlock-spruce forest continues in a thin coastal
strip. The local relief is much greater here and is comprised of alpine
meadows, peaks above timberline, glaciers, and barren rock. The 4670-m
tall Mt. Fairweather is here. The Continental Shelf is also relatively
wide south of the Alsek Canyon and contains the Fairweather Ground, which
has depths of only 30-40 fm.
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DISCUSSION

Studies of distributions and abundances of fish eggs and larvae
have been conducted in various parts of Alaska (Table 2). In some
cases, studies have been located in important fishing areas such as the
Bering Sea, Kodiak shelf, and Cook Inlet. Other surveys have been re-
stricted to single larval species (Lisovenko 1964; Thompson and Van
Cleve 1936) and in some, larval fish were secondary to trawl cacches
(Aron 1958) or zooplankton surveys (LeBrasseur 1970). Emphasis has
generally been on sampling in the spring and summer when the ichthyo-
plankton fauna in the Northeast Pacific is more diverse and abundant.

Few studies have included stations adjacent to or near the proposed
Yakutat study area. Lisovenko (1964) reports catches of rockfish larvae
near Yakutat and Thompson and Van Cleve (1936) surveyed shelf waters for
halibut eggs and larvae. During October, English (1976) included a
three-station transect off Yakutat Bay during an ichthyoplankton  survey
of the Gulf of Alaska. Results of these studies and ichthyoplankton
studies in other areas are included in sections for individual species.

Spawning times for the proposed taxa are known from other areas
(Table 3) and can be used to predict the time of occurrence of eggs and
larvae in the Yakutat area (Table 4). Winter spawners include Pacific
sand lance, sablefish, Pacific halibut, Pacific cod, and arrowtooth
flounder. The following are spring and/or summer spawners: Pacific
herring, capelin, walleye pollock, Pacific ocean perch, butter sole,
starry flounder, razor clams, weathervane scallops, tanner and Dungeness
crabs. Spring and summer sampling in the Yakutat area should yield the
most kinds and greatest abundances of fish and shellfish eggs and larvae
as well as juvenile salmon and adult forage fish. However, juveniles of
some species will most likely occur in fall.

General distributions of eggs and larvae in the Yakutat area can be
estimated from knowledge of spawning behavior of adults. For example,
some species--herring and capelin--spawn in bays or on beaches and their
larvae are located near these inshore areas. However distributions of
pelagic eggs and larvae are not static, but change over time as larvae
and eggs are transported by currents and later, for larvae, by their own
power. It would not be unusual to find herring and capelin at some
shelf stations. Similarly, species which spawn in deep water--halibut,
arrowtooth flounder, sablefish--are  not expected to occur as larvae in
the inshore areas, but perhaps at some shelf stations. The remainder of
the fish species probably spawn throughout depths of the shelf and their
eggs and larvae should be widely distributed.

Predicting abundances of eggs and larvae in the Yakutat area is
more difficult for several reasons: 1) lack of past catch data in the
Yakutat area; 2) lack of data on year to year variations in timing and
abundance of eggs and larvae, and 3) limitations of using abundance data
from other studies in other areas, due in part to different methods,
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Table 2. Summary of studies which include data on
fish eggs and larvae from the Northeast Pacific.

. . ..—
Location –

— —
Dates Reference—

Kodiak Shelf

Kodiak Bays

Cook Inlet

Bering Sea Jun-Sep 1958
Mar 1959

Jun-Jul 1962

Apr-May 1977

May-Jun 1971

Apr-May 1972

Ott-Nov 1977
Mar-Apr 1978
Jun-Jul 1978
Ott-Nov 1978
Feb-Mar 1979

Mar-Aug 1978
NOV 1978
Mar 1979

Apr-May 1976
Jul-Aug 1976
Ott 1976
Feb 1977

NE Pacific

- Willapa Bay to
Dixon Entrance

- Gulf of Alaska

- Gulf of Alaska

- Northern Gulf
of Alaska

- Northern Gulf
of Alaska

- Gulf of Alaska

Musienko 1963

Kashkina 1970

Waldron and Vinter 1978

Dunn and Naplin 1973

Dunn and Naplin 1974

Kendall et al. 1980

Rogers et al. 1979

English 1977, 1978

Ott-Nov 1971 Naplin et al. 1973

Jul-Sep 1957 Aron 1958

May-Sep 1956 LeBrasseur 1970
Mar-Sep 1957
Mar-Aug 1958
Mar-Jul 1959

Apr-Jul 1963 Lisovenko 1964*

Sep-Ott 1975 English 1976*

Jan-Jun 1928- Thompson and Van Cleve*
1934 (1936)

*Studies which included some stations
proposed Yakutat meroplankton study area.
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Table 3. Spawning times, by months and geographical areas, for proposed fish species in the Yakutat
meroplankton  and forage fish survey.

Species Jan Feb Mar Apr May Jun Jul Aug Sep Ott Nov Dec Area References

Pacific herring X x x x
X x x x

X x x x
x x x

x x
x x
x x
x x

x
x

Capel in

Pacific sand lance

Pacific cod

Walleye pollock

Sablefish

Pacific ocean perch

x
x

x x

x x
x x

x
x

x

x

x
x
x

x x
x x x

X x  x x x
x x x

x x
x x
x x

x
x x x

x

x x
x x

x
x

x
x

x
x

x
x

x

Cal ifornia
Oregon
British Columbia
Southeast Alaska
Cook Inlet
Prince William Sound
Kodiak Island
Western Alaska
Southeast Bering Sea
Northeaat  Bering Sea

Straits of Georgia
Sitka
Kodiak
Bristol Bay
Bering Sea
Point Barrow

x Northeast Pacific

x British Columbia
Bering Sea

British Columbia
Western Gulf of Alaska
Northeast Bering Sea
Kamchatka  Peninsula

British Columbia
x x Vancouver-Oregon
x x Bering Sea

x x
2
~Gulf of A!.asks
Gulf of Alaska

Scattergood  et al. 1959
Scattergood et al. 1959
OUtram and Humphreys  1974
Scattergood et al. 1959; Skud 1959
Rounsefell 1930
Rounsefell 1930
Kasahara  1961
Scattergood  et al. 1959
Rumyantsev and Darda 1970
Rumyantsev and Darda 1970

Hart and McHugh 1944
Marah and Cobb 1908

Blaxter  1965
Kashkina  1970
Andriyashev 1954

Trumble  1973

Hart 1973
Musienko 1970

Hart 1973
Hughes and Hirahhorn  1978
Serobaba  1968
Kanamsru et al. 1979

Hart 1973
Kodolov 1968
Kodolov 1968

Lisovenko 1972; Lyubimova  1965
Lisovenko 1964



Table 3. Spawning times, by months and geographical areas, for proposed fish species in the Yakutat
meroplankton and forage fish survey - continued.

Species Jan Feb Mar Apr May Jun Jul Aug Sep Ott Nov Dec Area References

Butter sole X x x x x Oregon Richardson et al. (In press)
x x x British Columbia Hart 1973
x x Skidgate Inlet, B.C. Levings 1968

Starry flounder x x California Orcutt 1950
X x . x Puget Sound Har,t 1973
x x x British Columbia Hart 1973

x x Bering Sea Musienko 1963

Pacific halibut x x x British Columbia Hart 1973
x x x x x Northeast Pacific Bell and St. Pierre 1970
x x X x x x Bering  Sea Pcrtseva-Ostroumova  1961

m Arrowtooth flounder x x x x North Pacific Pertseva-Ostroumova 1960

L
1
~References for herring, capelin, and sand lance summarized from Macy et al. 1978.
3Time of mating.
Time of rereaae of larvae.
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Table 4. Predicted time(s) of occurrence for egg, larval,
juvenile, and/or adult stages of fish and in–
vertebrate taxa in the Yakutat study area.

_——
P r o p o s e d  sampllng  m o n t h s

Species Stage Apr-May Jul-Aug Oc t Remarks

Pacific herring

Capelin

Pacific cod

Walleye pollock

Sand lance

Pink salmon

Chum salmon

Coho salmon

Sockeye salmon

Chinook salmon

Rockfish
(Sebastes  SPP.)

Sablefish

Arrowtooth
flounder

Pacific halihut

Starry flounder

Butter sole

Razor clams

Scallops

Dungeness crab

l’anner crab

larvae
juveniles
adults

larva e
juveniles
adults

larva e
juveniles

eggs
larvae
juveniles

larvae
juveniles
adults

juveniles
adults

juveniles
adults

juveniles
adults

juveniles
adults

juveniles
adults

larvae
juveniles

eggs
larvae
juveniles

egga
larvae

eggs
larvae

eggs
larvae

eggs
larvae

eggs
larvae

e g g a
l a r v a  e

larvae

l a r v a e

x

x

x

x

x
x

x

x

x

x

x

x
x

x

x

x

x

x

x
x

x

x

x
x

x

x
x

x
x

x
x

x
x

x.
x

x

x
x

x

x

x

x

x

x

x

x

x

x
x

x
x

Occur in winter

Occur primarily
in winter

Occur in
winter

x Eggs approx.  901J
x Settle at

approx. 325 p

Eggs are demersal
x larvae are 80-200u

x

x x



gears, and expressions of catch statistics. However, after sampling is
underway, it should be possible to compare relative abundances of taxa
hetwecn Yakut:it and other areas in Alaska. In addition, thorough know-
ledge and duplication of methods used in Kodiak ichthyoplankton work
(Rogers et al. 1979; Kendall et al. 1980) will allow comparisons between
catches in the western Gulf of Alaska and in the eastern portion off
Yakutat.

Forage fish may be defined as those species that are present in
sufficient quantities during their larval, juvenile, and adult stages to
constitute a major part of the diet of larger predators including birds,
marine mammals, and fish. Important forage fish species in the Yakutat
area include Pacific herring, sand lance, and capelin.

Pacific Herring (Clupea harenqus pallasi)

General Biology. In the eastern Pacific, herring are distributed
from northern California through Canada and Alaska to the Beaufort Sea
(Hart 1973).

Pacific herring are schooling fish and their local distribution is
related to environmental and biological factors such as salinity, tem-
perature, food sources, age, and spawning condition. In general, during
fall or early winter, large schools of mature herring move inshore and
remain there until spawning. After spawning, schools either move into
deeper water offshore to feed or remain inshore. In the Gulf of Alaska,
feeding schools during summer are not as dense as wintering schools and
have been reported close to the surface in passages in Southeast Alaska
and Prince William Sound (Macy et al. 1978).

The primary commercial concentrations of herring in the Gulf of
Alaska have occurred historically in Southeast Alaska, Prince William
Sound, and Kodiak Island. In the past, small-scale fisheries have
occurred in Cook Inlet, Chignik, Shumigan Islands, and Yakutat. Herring
are also important as prey items for many invertebrates, fish, birds,
and marine mammals. Eggs, larvae, juveniles, and adults of Pacific
herring are consumed, often in large quantities (Macy et al. 1978).

A comprehensive review of the biology and early life history of
Pacific herring is given by Macy et al. (1978) and is summarized below.

Pacific herring are late-winter to late-spring spawners, depending ~
on geographic location. In general, southern stocks spawn earlier than
the more northern populations. In Alaskan waters, herring spawning OC- “
curs in March through June in Southeast Alaska, April and May in Cook
Inlet and Prince William Sound, April through June in Kodiak and western
Alaska, and May and June in the Bering Sea.
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In Alaska, Pacific herring generally are mature at age 3 or 4 and
at lengths of 15-20 cm. Fecundity is related primarily to body length
and secondarily to age, hence large, old herring produce the most eggs.
Females may produce between 10,000 and 134,000 eggs.
North America are generally smaller and produce fewer
stocks.

Large schools of mature fish move into sheltered
or shelving rocky beaches, or along open sand beaches
ing takes place in shallow water at high tide and the

Pacific herring in
eggs than Asian

bays, along steep
to spawn. Spawn-
water may become

discolored with milt. Eggs are usually deposited on vegetation, but may
also be attached to gravel, boulders, logs, and tree limbs. Eggs may be
deposited in several layers, and two to four layers are considered opti-
mal for larval production. Salinity and temperature during spawning are
variable, and ranges of 8-28°/oo and 5-9°C are reported as conducive to
the spawning of herring in North America.

Eggs hatch in 12-50 days, depending on water temperature. In Prince
William Sound, average hatching time was 12 to 21 days. Normal develop-
ment occurs at temperatures of 5-9.2°C and salinities of 6.7-25.8°/oo.
Fraser (1922) describes egg development after fertilization. Newly
hatched larvae are 4-8 mm long, and herring reach 90-100 mm by the end
of their first year. Transformation from larval to juvenile fish begins
at about 35-40 mm.

Food of first-feeding larvae consists of small, relatively immobile
planktonic organisms such as invertebrate eggs, diatoms, and copepod
nauplii. Postlarval (20-100 mm) herring feed primarily on copepods, fol-
lowed by cirrepedes, molluscs, ova, and other zooplankters. Food items
of juvenile herring include mysids, euphausids, and amphipods. Herring
do not have a strong preference for particular foods, but consume organ-
isms of a suitable size which predominate in the plankton. Hence food
habits may differ among locations and seasons.

History of the Fishery. Yakutat Bay has supported a commercial
herring fishery only twice in recent years. In 1970-1971 and 1972-1973,
the catches were 44 and 158 short tons, respectively. These catches
were insignificant compared to those in Southeast Alaska which were
4,093 and 5,837 short tons, respectively (Moberly 1973, 1974). The her-
ring fishery at Yakutat supplied the local bait fish market, although
generally fishermen rely on outside sources (Don Ingledue, Alaska De-
partment of Fish and Game (ADF&G),  personal communication). The current
sentiment is that the herring populations should be preserved as a food
source for king salmon in the area (Alex Brogallj ADF&G, personal
communication).

Distribution and Abundance.

Adults. Spawning areas of Pacific herring in the Gulf of
Alaska are shown in Fig. 2. Currently, an estimated 2,000-3,000 tons of
herring spawn from April to early May along the east shore of Yakutat
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Bay. A population estimated to be three times that size spawns in
Russell Fjord; however, because of ice the area is inaccessible at the
time of spawning, so the actual size of that population is unknown (A.
Brogan, personal communication).

Larvae. Initially, we would expect to find herring larvae in
greatest abundance close to the spawning grounds. Unfortunately, these
areas are in shallow water and are often not accessible to plankton
gear. We may catch small larvae which drift out into Yakutat Bay during
late April and May, but the peak in larval abundance may occur later.
By July and August, herring larvae will be actively schooling near the
spawning grounds. These schools may reach deeper water by late summer,
residing below the surface during the day and rising to the surface at
dusk (Macy et al. 1978). These herring may be captured by plankton gear
at night, but otherwise will probably avoid capture. Lampara net sets
at dusk and beach seine hauls in Yakutat Bay during the summer may yield
herring juveniles. At the end of summer, juvenile herring may either
migrate to offshore waters or remain inshore. No one knows if they
remain in Yakutat Bay through the winter.

pacific Sand Lance (Ammodytes hexapterus)

General Biology. Pacific sand lance range from southern California
to Alaska and the Bering Sea (Hart 1973) and are mainly in shallow water
close to shore. Because they lack a swim bladder, sand lance exist by
actively swimming, resting on the bottom (Trumble 1973), or burying in
sand or fine gravel (Nikollskii 1954 cited in Macy et al. 1978). They
may form large pelagic feeding schools during the day and return to the
bottom at night (Trumble 1973).

Sand lance adults and larvae are an important food item to many com-
mercially important fish such as juvenile sockeye and coho salmon (Straty
and Jaenicke 1971), cod, chinook salmon, halibut, ling cod (Bean 1889;
Hart 1973), and hake (Outram and Haegele 1972). Sand lance are also con-
sumed by fur seals and birds.

Spawning of Pacific sand lance in the Northeast Pacific probably
occurs in winter (Trumble  1973). Sand lance up to 15 mm long were
caught during early March near Kodiak Island , which also indicates that
sand lance spawn during the winter (Rogers et al. 1979).

Fecundity of Japanese sand lance is about 1,000-8,000 eggs, and
spawning takes place at depths of 25-100 m in areas of strong currents.
Spawning fish may be 1-3 years old (Hamada 1966). Eggs are demersal,
adhesive, and are deposited in clusters of three or four eggs on a sand
bottom. Mature eggs are .72-.97 mm in USSR (Nikol’skii 1954 cited in
Macy et al. 1978), .66 mm in Japan (Inoue et al. 1967), and .67-.91 mm
in the Atlantic (Williams et al. 1964). Descriptions of sand lance eggs
are given in Williams et al. (1964).
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Larvae hatch at 3-4 mm and under natural conditions remain buried
in the sand until the yolk sac is absorbed. At this point, larvae
become planktonic  and remain so until metamorphosis to the adult stage
at 30-40 mm (Trumble 1973). Larval illustrations are given in Kobayashi
(1961).

First-feeding larvae consume diatoms and dinoflagellates, but they
switch to copepod nauplii and copepods as they grow (Trumble 1973).

Distribution, and Abundance

Adults. At present, there is no fishery in the Northeast
Pacific on sand lance; however, they are commercially fished in Japanese
waters. Their distribution and abundance off Yakutat is unknown.

Larvae. Sand lance larvae are relatively abundant in plankton
hauls in the Bering Sea and Gulf of Alaska during spring. In the Kodiak
area, small (5-15 mm) larvae were found within the bays as well as dis-
tributed over the shelf. In summer, the larvae (averaging 35-45 mm
long) disappeared from the bays, but continued to be caught offshore.
No larvae were caught during fall (Table 5).

In the Yakutat area, the largest catches of larval sand lance will
probably occur during April and May. They may be caught anywhere from
Yakutat Bay to the 100 fm contour, although they may be concentrated
nearshore. Older larvae and juveniles may occur in the study area
during summer and be distributed throughout the area. We expect that
only juveniles and adults occur in October and in relatively low abun-
dance compared to other months. Because the eggs are demersal, they
will not be sampled by the plankton gear.

Capelin (Mallotus villosus)

~. Capelin occur along the Northeast Pacific coast
from the Strait of Juan de Fuca to Arctic Alaska. They are especially
abundant in the Bering Sea and along the Aleutian Islands (Macy et al.
1978).

Capelin
particularly
salmon, cod,
leen whales.

are an important forage food for fish and marine mammals,
during spawning migrations. Predators on capelin include
dogfish, Arctic char, seals, porpoise, and killer and ba-
They are also eaten by gulls and terns.

Reproduction and early life history information for capelin have
been summarized by Trumble (1973), Jangaard (1974), and recently by Macy
et al.(1978). In the Straits of Georgia and near Sitka (southeastern
Alaska) spawning occurs in the fall. However, at Kodiak and in Bristol
Bay, capelin spawn in late spring. Capelin in the Bering Sea spawn in
summer, and far–northern (Pt. Barrow) populations spawn in late summer.
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Table 5. Distribution and abundance of larval sand lance in the Northeast Pacific Ocean
and Bering Sea,

Station Larval

Location Time Gear depths, m length, mm Abundance Reference

—

Bering Sea

Bering Sea

Bering Sea

Kodiak Shelf

Kodiak Bays

Kodiak Shelf

Cook Inlet

Apr-May 1977 bongo 1

Jun-Jul  1 9 6 2  CPN2

Jun-Sep 1958 CPN
Nar 1959

Apr-May 1972 bongo

Msr-Aug 1978 bongo
Nov 1978
Mar 1979

Ott-Nov 1977 bongo
Mar-Apr 1978
Jun-Jul 1978
Ott-Nov 1978
Feb-Msr 1979

Apr-May 1976 bongo
Jul 1976
Aug 1976
Ott 1976

100-2000
(caught
at
stat ions
<200m)

20-120

35-2100

31-171

40-1000

35-210

6.7-29

10.0-47.0

7.4-33.7
35.9 -95.6

5-13

5-34

5.5-58

Third most abundant larvae;
accounted for 3X of all larvae
caught.

Average catch of 4 larvae per
haul; ranged from 0-445 per
haul.

C a u g h t  in l a t e  J u l y - e a r l y  S e p .
averaged about 8 larvae per
haul.

Second most abundant larvae
caught; accounted for 11 .3% of
all larvae caught.

Second most abundant overall;
occurred primarily Nar-Jun.

Most abundant larvae caught
during Mar-Apr 1978.

Waldron  and
Vinter 1978

Kashkina  1970

Musienko  1963

Dunn and
Naplin 1974

Rogers et al.
1979

Kendall et
al. 1980

Most abundant during Apr-May; English 1977,
catches ranged from O-344 per 1978
10m2 or 0-1296 per 1000 m3.

1
Bongo net 60 cm openin , 505u mesh.

2Conical piankton  net, 8f! cm opening, No. 140 aesh.



Mature capelin range in length from 89-146 mm. Fecundity varies
among locations and ranges from 3,020-6,670 eggs per female in British
Columbia to 15,000-57,000 eggs per female in the Sea of Japan. Larger
fish may account for higher fecundities in some areas.

During most of the year, capelin reside in large schools in bottom
waters, sometimes far from shore. However, in the spring these concen-
trations move toward shore and about one month before spawning, are
located at about 50 m depths or less.

Capelin commonly spawn on beaches, avoiding rocky areas, and pre-
ferring sand grain sizes of 0.04-.2 mm. Deposition of eggs occurs at
night or on overcast days, and spawning may be greatest just after high
tide. One or two males accompany a female to the beach where fertili-
zation takes place, and eggs are subsequently buried in the sand by wave
action. Spent females return to deeper water and it is not known if
females spawn more than one batch of eggs in a given season. Males may
remain inshore to fertilize other females. Spawning in deep water may
also occur in Alaskan waters. Postspawning mortality is assumed to be
high and may be as high as 90% of the fish spawning for the first time.

Capelin eggs are 1.0-1.1 mm in diameter and stick to gravel or
sand. Hatching occurs in 1-4 weeks, depending on water temperature.
Descriptions of capelin larvae are given by Templeman (1948). Newly
hatched larvae are swept out to sea and spend most of their early life
in deep water.

Distribution and Abundance

Adults. Currently there is no large-scale commercial fishery
on capelin stocks in the Northeast Pacific and only a limited recreation-
al fishery. The abundance and distribution of adult capelin offshore
from Yakutat are unknown.

Larvae. Larval capelin have been sampled from the Bering Sea,
Kodiak Shelf, and Gulf of Alaska. In several studies, they were numeri-
cally important components of the ichthyoplankton  (Table 6). Initially,
capelin larvae are located nearshore in close proximity to the beaches
where spawning occurred. This can lead to large concentrations of lar-
vae during summer, and this occurred in Kodiak bays and lower Cook
Inlet. After hatching, larvae are immediately susceptible to transport
by local currents and thus are dispersed over the shelf. By fall and
winter, the larvae have metamorphased into mobile juveniles and range
from nearshore to the edge of the shelf.

Capelin spawning in the Yakutat study area takes place on beaches
between Dry Bay and Yakutat Bay (Fig. 3) from July to mid-AuguSt. It i s

a relatively large population (A. Brogan, personal communication). We
expect to catch larval capelin during July and August nearshore as well
as out to the 100 fm contour. In the fall we will probably capture
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Table 6. Distribution and abundance of larval capelin in the Northeast Pacific Ocean and
Bering Sea.

-.—.— ..—

Station Larval
Location T i m<, Gear depths, m length, mm Abundance Reference

Bering Sea

Bering Sea

Kodiak Bays

Kodiak Shelf

Cook Inlet

Gulf of Alaska

Apr-May 1977

Jun-Sep 1958
Mar 1959

!@r-Aug 1978
ttOV 1978
Nar 1979

Nov 1977
Mar-Apr 1978
Jun-Jul 1978
Ott-Nov 1978
Feb+lsr 1979

Apr-May 1976
Jul 1976
Aug 1976
Ott 1976
Feb 1977

Sep-Ott 1975

bongo 1
neuaton2

CPN3

bongo
neuston

bongo
neus ton

bongo

bongo

100-2000

25-375

31-171

40-1000

35-210

30-2500

31-65

5.5-27.3

3.0-40.0

12-55

9-27,

Accounted for .2% of all larvae
caught in the bongo and 8%
(third in abundance) of larvae
from neuston.

Occurred in July and late
August-early September; maximum
concentration waa 250 per m2.

Only identified as “Os~ridae;”
accounted for >90% of all
larvae in bongo tows. First in
abundance over all cruises in
both gear types.

Occurred in all seasons,
although only identified as
“Osmeridae” during summer.
Osmerids ranked third in
abundance in bongo tows in
summer.

Peak catches In July-August.
Catches range from 0-2505 per
10m2 (or O-2766 per 1000M3)

Third most abundant larval taxa
collected.

Waldron and
Vinter 1978

Musienko 1963

Rogers et al.
1979

Kendall et
al. 1980

English 1977,
1978

English 1976

lBongo net, 60 cm opening, 505!J mesh.
2Sameoto neuston sampler, .3m x .5m opening, 505?J mesh.
3Conical plankton net, 80cm opening, No. 140 mesh.
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juver Ie capelin. Eggs will probably not occur in the plankton samples
because of their demersal , adhesive quality.

Eulachon were not targeted for this study; however, since they are
a potentially important species to the ecology of the Yakutat area, we
have included this section in the report.

Large numbers of adult eulachon spawn in the Yakutat study area
during March to early June (A. Brogan, personal communication). Eula-
chon are anadromous,  sometimes traveling tens of miles upstream to
spawn. The eggs are spawned over gravel and sand and become attached to
the sediment by an outer adhesive membrane. The larvae are carried out
to sea as soon as they hatch and little is known about their marine
life.

Eulachon are not presently exploited commercially in Alaska, al-
though they are an important forage fish (Macy et al. 1978). We expect
to see larval eulachon at nearshore stations during spring and/or sum-
mer. However,
smelt when the
rays ).

The Fishery

The first
was located on

it will be difficult to distinguish among species of
larvae are small (i.e., prior

Pacific Salmon

to the development of fin

salmon cannery in Alaska which became operative in 1857,
Prince of Wales Island. Since that time, the salmon

fishery has become the dominant fishery in Alaska. Salmon represented
39 to 63% of the value of the total commercial catch of fish and shell-
fish in Alaska between 1966 and 1977 (Terry et al. 1980).

Generally, the commercial catch of salmon in the Yakutat management
area (Cape Suckling to Cape Fairweather--see Fig. 4) is small relative
to the rest of Alaska; however, the salmon fishery is important to the
local economy. Off Yakutat, this fishery is by set gillnets and troll-
ing gear. Boats in the setnet fishery are small (<25 ft long), general-
ly with a crew of one, and primarily based in Yakutat. Trollers are
much larger (35-45 ft), with a crew of two to three, and most are based
outside the area (Terry et al. 1980).

Most of the salmon from the Yakutat area are produced at the south-
east edge of the bay and in coastal river systems to the southeast.
Thus , setnet sites are located primarily in Yakutat Bay and to the south-
east along the coast (McLean and Delaney 1978). In the Gulf of Alaska
there is a small sport fishery on coho, chum, and chinook salmon, which
is insignificant compared to the commercial catch.
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:tern et al. (1976) estimated that if the average catch in the
Yakutat District was 30% of the run, then annual runs to the district
average about .4 million salmon, with a potential of up to 1.3 million.

Migrations in the Northeast Gulf of Alaska

All five species of North American salmon are anadromous, although
some pink salmon spawn intertidally. Adults spawn in the fall and fry
emerge from the gravel the following spring. Chum, pink, and most
chinook fry migrate directly to saltwater; however, sockeye fry gener-
ally reside in freshwater nursery lakes for 1-2 years. Coho and some
chinook fry remain in freshwater for about 1 year, entering saltwater
the following spring as smelts. If entering an estuary, most juveniles
remain near the water surface and gradually, as the summer progresses,
move offshore. Fry entering an unprotected coastline tend to move
directly offshore over the Continental Shelf. By July-August, the
catch-per-unit-effort (CPUE) of juvenile salmon is high over the shelf,
indicating movement from estuaries and coastal rivers. Many chum and
pink salmon remain over the shelf as late as October, but after October
the abundance of all species is low because the juveniles have moved
offshore over deeper waters.

While in waters over the Continental Shelf, the juveniles may mi-
grate hundreds of miles, generally in a counterclockwise direction along
the broad arc of the Gulf of Alaska. Juveniles from stocks as far south
as California mix with those from Alaska in coastal waters off Yakutat.

Adult salmon bound for spawning grounds in the northeast Gulf also
tend to migrate extensively along the coast. Adults tagged off Yakutat
have returned to spawn in southeastern Alaska. (This section was de-
rived from Stern et al. 1976.)

Pink Salmon (Oneorhynehus gorbuseha)

General Biology. Pink salmon occur along the west coast of North
America from California to the Aleutian Islands and Arctic Ocean. They
usually spawn after two summers at sea in the late summer or early falio
The average size at maturity is 1,4-2.3 kg, although they can attain a
maximum size of 5.4 kg and 76 cm long. Fecundity is related to length,
with usually 1,500-1,900 eggs per female. Spawning is in coastal
streams and rivers or in the intertidal zone. Eggs develop in gravel
during the winter and fry emerge the following spring. Fry emerging in
freshwater migrate immediately to saltwater. During their first summer
at sea, the fry remain close to shore, feeding primariy on zooplankton,
insects, and epibenthic crustacea (Rogers et al. 1980). Pink salmon in
the Gulf of Alaska prefer temperatures of 7-15°C. Thus, they are pri-
marily surface dwellers, avoiding the thermocline (Stern et al. 1976).
The maturing fish grow rapidly in their last spring and summer at sea,
feeding extensively on euphausids, copepods, amphipods, fish and squid.
(Most of the preceding was modified from Hart 1973).
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Distribution and Abundance.
juvenile pink salmon were low over
April–June, but high July-October,
and coastal rivers probably begins
October, they migrate offshore.

Experimental purse seine catches of
the Continental Shelf near Yakutat in
therefore migration from estuaries
in July (Stern et al. 1976). After

Spawning runs peak during August (Fig. 5), the adul::s returning to
spawn in several streams, rivers, and along some beaches in Yakutat Bay.
Two spawning sites are of major importance, one located ~ear the town of
Yakutat and the other in the Situk River to the southeast”:. Adult pink
salmon have been observed in a few other rivers, but sparming sites have
not been verified (McLean and Delaney 1978).

Pink salmon catches in the Yakutat District average only 0.1.% of
the catch in the entire state (Table 7). In the Yakutat area, pink
salmon ranked third in the number of salmon landed, whez:as they ranked
first in the state of Alaska.

Chum Salmon (Oncorhynehus keta)

General Biology. Chum salmon range from northern California——
through the Aleutian Islands to the Arctic Ocean. Their maximum size at
maturity is 102 cm and 15 kg. Most return to spawn after 3-5 years zt
sea, although the range is 2-7 years. This species tends to spawn later
than the other four species of Pacific salmon--one stock in British
Columbia spawns as late as April. In Asia, where there :~re both fall
and spring runs, spring run females carry 2,000-3,000 eg$;s, while those
spawning in the fall run carry 3,000-4,000 eggs. Spawni;~g takes place
in coastal rivers and streams. In the spring, after fry have emerged
from gravel, they migrate directly to saltwater, generally between April
and July. Juveniles consume zooplankton, insects, and small epibenthic
crustacea such as amphipods, where they occupy the coastal strip (Rogers
et al. 1980). Chum salmon can tolerate a wide range of temperatures,
and perhaps for this reason they are not closely tied to the surface
waters as are pink and sockeye salmon (Neave et al. 1976) (the preced-
ing, with noted exceptions, was derived from Hart 1973).

Distribution and Abundance. In the Yakutat District, runs of
returning spawners peak in September (Fig. 6), although the migration
continues well into October. Only two watersheds contain docu~ented
spawning sites: the Italio River and East Alsek River d-ainages, al-
though chum have also been observed in the Situk, Ahrnklin, Akwe, and
Alsek River drainages. Since the runs are quite sparse, the average
yearly catch (1959-1979) has been only 10,000 fish as op:>osed  to
6,014,000 in Alaska (Table 8). Chum salmon rank fourth In the number of
salmon caught in Yakutat and third in Alaska.

Near Yakutat, juveniles occupy the coastal strip be!:ween July and
October (Stern et al. 1976) and are probably in the estu:~ries somewhat
earlier.
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Table 7 The commercial catch (numbers x 1000) of pink
salmon in the Yakutat District, southeastern
Alaska, and Alaska, 1959-1979.

Southeastern
Year Yakutat Alaska Alaska

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

12
14
65
28
79
4 0

4
1

3 2
2

6 4
4

8 0
3

17
4

8 0
2 9
7 5
3 0

152

7 , 8 5 1
2 , 9 8 5

1 2 , 6 3 8
1 1 , 5 8 5
1 9 , 1 4 5
1 8 , 5 8 1
1 0 , 8 8 0
2 0 , 4 3 8

3 , 1 1 1
2 5 , 0 8 5

4 , 8 7 0
1 0 , 6 5 7

9 , 3 4 5
1 2 , 4 0 0

6 , 4 5 5
4 , 8 8 9
4 , 0 2 7
5 , 3 3 0

1 3 , 4 5 8
1 9 , 9 8 8
1 0 , 3 0 4

1 0 , 9 3 0
1 6 , 0 7 9
2 1 , 5 0 6
4 3 , 8 6 4
3 4 , 2 7 6
4 5 , 2 9 1
2 0 , 3 4 7
4 0 , 0 5 1

6 , 5 5 9
4 4 , 7 2 7
2 5 , 7 6 7
3 1 , 1 4 7
2 3 , 5 2 8
1 5 , 9 2 0

9 , 8 0 2
9 , 8 5 9

1 2 , 9 8 4
2 4 , 7 5 1
2 8 , 0 9 8
5 2 , 6 6 8
4 8 , 5 1 8

i 40.8 li,701.1 28,333.7

Sources: International North Pacific Fisheries
Commission 1979; Alaska Department of Fish and Game,
preliminary data.
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Table 8. The commercial catch (numbers x 1000) of chum
salmon in the Yakutat District, southeastern
Alaska, and Alaska, 1959–1979.

Southeastern
Year Yakutat Alaska Alaska

1959 37 1,291 4,086
1960 12 1,019 6,625
1961 12 2,559 5,631
1962 18 1,996 7,149
1963 11 1,479 4,464
1964 6 1,936 7,271
1965 4 1,474 3,364
1966 3 3,273 6,456
1967 4 1,810 3,654
1968 14 2,644 6,082
1969 15 561 2,953
1970 7 2,446 7,500
1971 5 1,946 7,679
1972 8 2,942 7,065
1973 9 1,832 6,020
1974 4 1,683 4,730
1975 4 687 4,322
1976 8 1,031 5,925
1977 8 632 7,177
1978 6 597 6,368
1979’ 7 786 5,757

5 10.1 1,731.2 6,013.9

Sources: International North Pacific Fisheries
Commission 1979; Alaska Department of Fish,and Game,
preliminary data.
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Coho Salmon (Oncorhynckus  ?iisutich)

General Biology. This species is distributed along the west coast
of North America from central California to the Aleutian Islands and Nor-
ton Sound, with a center of abundance between Oregon and southeastern
Alaska. Coho range up to 98 cm long and 14 kg in weight. They spawn in
the late fall in rivers and streams. Fecundity is related to the size
of the female with 2,500 eggs per female 55 cm long to 5,000 eggs per
female 70 cm long. Fry emerge in the early spring and remain in
freshwater for about 1 year. Foods of juveniles that have reached
saltwater include zooplankton, insects, small epibenthic crustacea such
as gammarid amphipods, other benthic organisms, and fish (Rogers et al.
1980). After the coho migrate offshore, they feed on squid, amphipods,
and shrimp. The maturing salmon feed and grow a great deal on their
homeward migration. Their favored foods include herring and Pacific
sand lance. (The preceding section is primarily derived from Hart
1973).

Experimental longlining and gillnetting in the Gulf of Alaska has
revealed that coho salmon most frequently occur near the surface between
0-10 m and that they do not move below the thermocline (Godfrey et al.
1975).

Distribution and Abundance. The highest CPUE of juvenile coho
salmon in coastal waters off Yakutat occurs during July and Augusts
after which, most apparently move offshore. A large proportion, how-
ever, may reside in coastal water throughout their lives (Stern et al.
1976).

Spawning runs to the Yakutat District peak between late August and
mid-September (Fig. 7). Coho occupy nearly every stream in the Yakutat
area, and spawning populations have been observed in many of these. A
large population spawns in the Situk/Ahrnklin River drainages.

Coho are the second most numerous salmon in commercial catches off
Yakutat, but they only rank fourth in Alaska. Over 5% of the total
catch of coho in Alaska orginated from the Yakutat District (Table 9).

Sockeye Salmon (Oneorhynchus  wrka)

General Biology. In North America, sockeye salmon are distributed
from northern California to the Aleutian Islands and the Canadian Arc-
tic. They usually mature after 2-3 years at sea, with a maximum length
at maturity of 84 cm long. Spawning occurs in rivers, streams, and on
beaches of some lakes. Spawning grounds usually have access to lakes
where the fry generally reside for 1-2 years. The number of eggs per
female is related to size of the fish and ranges from 2,200-4,300. The
length of incubation is temperature-dependent and ranges from 50-150
days. After hatching, the alevins remain in gravel for 3-5 weeks. Fry
usually migrate into nursery lakes after emerging from the gravel.
Migrations of smelts out of lakes begin in the spring when water
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Table 9. The commercial catch (numbers x 1000) of coho
salmon in the Yakutat District, southeastern
Alaska, and Alaska, 1959-1979.

Southeastern

Year Yakutat Alaska Alaska

1959 139 1,024 1,433

1960 121 721 1,404

1961 130 889 1,314

1962 190 1,223 2,039

1963 146 1,275 2,022

1964 170 1,588 2,558

1965 125 1,548 1,998

1966 67 1,227 1,921

1967 120 866 1,489

1968 122 1,543 2,751

1969 60 596 1,133

1970 39 759 1,527

1971 41 914 1,448

1972 56 1,509 1,831

1973 43 836 1,457

1974 79 1,278 1,855

1975 38 427 1,014

1976 52 824 1,432

1977 83 708 1,593

1978 130 1,573 2,614

1979 95 1,102 2,935

z 1 0 2 . 3 1 , 1 2 1 . 5 1 , 8 8 8 . 4

Sources: International North Pacific Fisheries
Commission 1979; Alaska Department of Fish and Game,
preliminary data.
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surface temperatures are 4-7°C. While in the coastal strip, the
juveniles consume insects, zooplankton, small epibenthlc crustaceans,
and small fish (the preceding was modified from Hart 1973).

While in saltwater, sockeye stay in the upper 60 m between mid-May
and early June. They continue to be in the upper 36 m in late June-
July and are mostly shallower than 10 m during the summer. Sockeye sal-
mon migrate toward the surface at night and probably always remain above
the thermocline. During the winter, approximately 90% of the sockeye
captured by test gillnets  were within 15 m of the surface (Stern et al.
1976). According to Godfrey et al. (1975), sockeye tend to be in
shallower water than the other four species of salmon.

Distribution and Abundance. Juvenile sockeye are in the coastal
belt in July and August, after which they migrate offshore (Stern et al.
1976).

Mature sockeye spawn in several rivers in the Yakutat area (Fig. 8).
More sockeye are caught commercially in the Yakutat area than any other
species of salmon, but the catch in Yakutat is less than 1% of the total
catch of sockeye in Alaska (Table 10). The peak of the run to Yakutat
occurs in early July.

Chinook Salmon (Oncorhynehus  tsh.aWgtscha)

General Biology. This species is distributed from central Cali-
fornia to the Aleutian Islands and north to Norton Sound, and possibly
Kotzebue Sound. The largest of the Oncorh.ynehus  species, chinook sal-

mon, mature at a maximum of 147 cm and 59 kg. Spawning runs occur
throughout the year. Maturation is usually after the fourth or fifth
year at sea and one female carries an average of 4,800 eggs. The fry
generally migrate to sea soon after hatching, although some reside in
freshwater for about one year. After reaching saltwater, the juveniles
consume a variety of small fish, zooplankton,  and small epibenthic crus-
taceans (from Hart 1973).

Chinook salmon occupy the greatest vertical range of all the
Pacific salmon. They were frequently captured in herring trawls off the
west coast of British Columbia and were common in water 20-110 m deep
(Taylor 1969, cited in Major et al. 1978). Chinook salmon were captured
in these trawls even during the summer when all the other species of
salmon were in surface waters.

Distribution and Abundance. Like coho salmon, a large proportion—.-—
of chinooks may reside in the coastal belt of the Northeast Pacific
(Stern et al. 1976). The highest CPUE for juvenile chinook salmon is in
July-August, after which, most apparently move offshore (Stern et al.
1976).

Chinook salmon spawn in only two rivers near Yakutat: the Situk and
the Alsek (Fig. 9). Their spawning migration is earlier than the other
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Table 10. The commercial catch (numbers x 1000) of
sockeye salmon in the Yakutat District,
southeastern Alaska, and Alaska, 1959-1979.

Southeastern
Year Yakutat Alaska Alaska

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

77
48
83
81
53
92
123
185
88
81
118
112
129
131
128
83
73

130
184
128 “
166

891
588
744
772
678
924

1,085
1,054

972
831
812
668
623
917

1,011
687
245
595
995
692
996

8,077
17,834
16,081
9,297
6,215
9,966

29,770
15,073
8,576
8,130
11,417
27,634
14,180
6,590
4,490
4,869
7,455

11,783
12,049
17,787
28,789

? 114.6 839.0 13,803.1

Sources: International North Pacific Fisheries
Commission 1979; Alaska Department of Fish and Game,
preliminary data.

641



0ga.Ua
va.ve

vt6n
04

&
40?

00*10
*G

tJS
J

oy

D8A BYA

A Situk  River
B Ahrnklin Rivsf
c D,sngarows  Riv*r
0 itaiio  River
E AkwO RiVW
F Tanis  Rivsr
G Alsek River

Fig. 9. SDawning sites of chinook salmon in the yakutat area
(dots) .- The inset graph shows the average timing of
chinook salmon runs to the district with 95% con-
fidence intervals on selected dates (determined
from weekly catch statistics, 1963-1972).

Sources: Atkinson et al. 1967; McLean and
Delaney 1978; and Stern et al. 1976.

642



salmon species, with the peak of the migration occurring in early June
to mid-June. Annual catches have averaged only 4,200 fish. Chinook are
thus the least abundant salmon in the Yakutat District and average less
than 1% of the total catch of chinook salmon in Alaska (Table 11).

Demersal Fish and Shellfish

In recent years, there have been a number of exploratory studies on
distribution, abundance, and species composition of ground fish species
in the Northeast Pacific Ocean and the Gulf of Alaska. Hitz and Rathjen
(1965) conducted a survey during the summer and fall of 1961 and the
spring of 1962 in the northeastern Gulf of Alaska from Dixon Entrance to
the Kenai Peninsula (Fig. 10). They trawled 617 stations to obtain an
accurate account of the bottom topography to determine the extent of
trawlable ground and the abundance and species composition of demersal
fish and shellfish. A summary showing the ranking of species and
species groups by depth (0-250 fm) is presented in Table 12.

Ronholt et al. (1978) reported on cruises that took place during
June-August 1962, September-November 1962, and April-October 1973-1976
from Cape Spencer to Unimak Pass (Fig. 10). Alverson (1968) evaluated
available information on exploited and unexploited fish and shellfish
resources of the Northeast Pacific to document general distribution and
stock magnitude. Maturgo (1972) compiled a report for the Shell Oil
Company with figures on catch statistics gathered from about 2,500 ex-
ploratory drags by the National Marine Fisheries Service (NMFS) from
1950-1968 in the Gulf of Alaska.

Most catch statistics (foreign and domestic, where domestic in-
cludes both United States and Canadian catches) originate from the
International North Pacific Fisheries Commission (INPFC). The INPFC’S
North Pacific region contains eleven areal divisions, and these are
presented in Fig. 11. One of these is the Yakutat area, and it extends
from 147°W longitude to 137°W longitude. Other catch statistics come
from the Bureau of Land Management’s (BLM) Yakutat Management area (Cape
Suckling to Cape Fairweather) or the various regulatory areas, regions,
and statistical areas (see Fig. 12) of the International Pacific Halibut
Commission (IPHC).

pacific Cod (Gadus macrocephalus)— —

General Biology. Along the shores of western North America,
Pacific cod occur from Santa Monica, California, through Alaska to the
Bering Sea (Hart 1973). The northern limit is reported as St. Lawrence
Island (630N) in the Bering Sea (Ketchen 1961). Pacific cod undergo
seasonal vertical migrations, descending to depths of 300 fm in winter
and entering shallower water in early summer. The extent of these mi-
grations is influenced by seasonal temperature cycles (Ketchen  1961).
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Table 12. Ranking of individual species or species groups by catch-per-unit-effort and depth for the
Northeast Pacific. Figures in parentheses are pounds caught per hour trawled.

Depth (fro)

1-50 51-100 101-150 151-200 201-250 All depths

PACIFIC COD (296)

BUTTER SOLE (203)

ARROkTOOTH  FLOUNDER ( 129)

STARRY FLOUtiDER ( 125)

Starfish (81)

3. FLALIBUI  (61)
Z-
-

DLtiGENESS CRAB (38)

English sole (37)

Flathead  sole (25)

SABLEFISH (13)

Skate (13)

SCALLOP (10)

Rex sole ( 10)

WALLEYE POLLOCK (10)

Rock sole (9)

Dogfish (9) ———

ARROWTOOTH FLOUNDER (366) ARROWTOOTH FLOUNDER (355) heart urchin (1, 179)

Flathead sole (105)

TANNER CRAB (84)

WALLEYE ?OLLCCK (84)

Starfish (78)

PACIFIC COD (74)

P.O.P. (58)

Heart urchins ( 58)

HALIBUT (34)

Skate (31)

SABLEFISH (24)

IIUNGENESS CRAB (15)

Misc. invertebrate (12)

Rex sole (11)

Dogfish (9)

Heart urchins (252) ARROWTOOTH FLOUNDER

P.O. P. (204) P.O. P. (158)

TANNER CRAB (106) Dover sole (135)

WALLEYE POLLOCK (91) Flathead sole (72)

Flathead sole (78)

Sebuetalobus  (55)

Starfish (49)

SABLEFISH (42)

Skate (36)

Dover sole (35)

Rex sole (31)

Misc. invertebrate

HALIBUT (18)

PACIFIC COD (12)

Rex sole (59)

HALIBUT (53)

WALLEYE POLLOCK (30)

Sebastolobus  (23)

SABLEFISH (19)

Skate (18)

Starfish (9)

(18) TANNER CRAB (5)

Other fish sp. (5)

Shrimp (2)

(386)

Dover sole (499) ARR(JMTOOTH  FLOUNDLK ( 330)

SABLEFISH (428) Heart urchins ( 171)

Other fish sp. (361) P.O. P. (101)

Rougheye ( 336) “ Flathead sole (82)

ARROWTOOTH FLOUNDER (218) PACIFIC COD (76)

Heart urchins (148) TANNER CRAB (7b) (

Starfish (132) WALLEYE POLLOCK (72)

Sebastolobus  ( 7 4 )

Rex sole (24)

Skate (20)

Misc. invertebrate (19)

RALIBIR’ (8)

TANNER CRAB (8)

Other rockfish (1)

PACIFIC COD (0.3)

Starfish (67)

SABLF.FISH (39)

Dover sole (35)

HALIBUI (32)

Skate (29)

BUTTER SOLE (26 )

.$daeto  lobus (22 )

Rex sole (20)

Dover sole (7) Roughe&e  ( 9 )—-... -.. _=___... —.. ,. . _ Misc. invertebrate (1) Dogfish (0) STARRY FLOUNDER (16 )

Source: Hitz and Rathjen  (1965)
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Spawning of Pacific cod occurs in winter. Eggs are thought to be
demersal  (Thomson 1963; Forrester 1964) and range in diameter from .98-
1.08 mm (X = 1.02 mm). Fecundity ranges from 1.5-3.0 million eggs for
females 60-90 cm long (Thomson 1962). The size of fish at first maturity
varies with area. In western Kamchatka, 50% of female Pacific cod were
mature at about 70 cm (Moiseev 1953, cited in Hart 1973) while cod in
British Columbia were mature at 55 cm for females and 50 cm for males
(Thomson 1962). Age of first maturity is 2 or 3 years for both sexes
(Ketchen 1961).

Hatching of eggs occurs in 1-4 weeks depending on water tempera-
ture: 8 days at ll°C, 17 days at 5°C, and 28 days at 2°C,and newly
hatched larvae range from 3.5-4.0 mm (Forrester and Alderdice 1966;
Forrester 1964). Larval illustrations are given by Gorbunova (1954). At
one year, young cod from British Comunbia are 23-26 cm and at two years
are 44-49 cm (Hart 1973).

Pacific cod tend to eat small epibenthic crustacea and zooplankton
when they are small (Rogers et al. 1979), but as they grow, they rely
less upon these organisms and more upon shrimp and fish. Several au-
thors have named shrimp as the most important (and fish second) food
item for Pacific cod (Hunter 1979; Feder 1977; Forrester 1969; Hart
1949; Karp and Miller 1977).

History of the Fishery. Unlike most demersal species, there has
been a sizeable domes-tic fishery fc)r cod for many years, the United
States fishery beginning in the Okhotsk Sea in 1857. Until the turn of
the century most fishing was in Asia and in the Bering S[:a, but in 1907
processing stations were established in the Shumagin Islands and areas
south of the Aleutian chain became more important. Cod line vessels
were used during the early days of the fishery, but were discontinued in
the early 1950’s. Cod landings peaked during World War I at about
~~,ooo m-t. and in the 1960’s have averaged about 10% of that (Table 13).

The Japanese catch most of their cod in the Bering Sea. In the
Gulf of Alaska cod are taken in their stern trawl fishery, but between
1969 and 1971 less than 1% of this catch was Pacific cod, The Japanese
stern trawl fishery has existed in the Gulf since 1963, but, except for
one year, the Yakutat area has contributed very little to this catch.
It has ranged from O to 7.2%, except for 1968 when it was 30.5%
(Forrester et. al. 1978).

Distribution and Abundance

Adults. Pacific cod are relatively abundant and widely dis-
tributed in the Gulf of Alaska. In a trawl survey, Alvezson (1968) re-
ported that for the Northeast Pacific, cod ranked fourth by frequency of
occurrence and fifth by abundance. Hitz and Rathjen (1965) reported
that by catch-per-unit-effort (CPUE by weight), cod were the fourth most
important fish species over all depths (1-250 fm) and that they were the
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Table 13. Annual total catch (m.t.) of Pacific cod in the
Northeast Pacific by the United States, Canada,
and Japan.

United
Year States Canada Japan

1956 4,428 2,338 --

1957 5,364 3,858 --

1958 5,738 4,562 --

1959 6,033 4,167 --

1960 2,474 3,126 -.

1961 1,390 2,063 .-

1962 1,439 2,693 --

1963 2,887 4,047 18:

1964 2,907 7,050 193
1965 4,597 11,098 584
1966 4,578 12,160 1,358

1967 3,986 6,601 2,156
1968 2,681 6,731 1,059
1969 1,730 4,394 1,345
1970 1,263 2,915 1,774

Source: Forrester et al. 1978.
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m~ jt. important species at depths of 1-50 fm (Table 12). Furthermore,
Alverson et al. (1964) noted that cod occur in shallower waters than
walleye polloc.k. Ronholt et. al. (1978) reported that cod were more
abundant in waters to the north and west of Yakutat than in waters off
Yakutat. For example, during the survey expeditions of April-October,
1973-1976, Pacific cod in the Fairweather region (Yakutat Bay to Cape
Spencer) contributed only 1.1% to the total catch in the entire study
area.

Larvae and Eggs. Pacific cod are reputed to spawn at depths
of 100-250 m in the Bering Sea (Musienko 1970). In the Yakutat area, tie
can expect to find larvae distributed over the shelf. Larvae have been
reported from the plankton i.n June and July in the Bering Sea (8.8-
11.6 mm) (Musienko 1963), May and July in Cook Inlet (5.3-9.0 mm), April
and May in Kodiak bays (Rogers et. al, 1979), and March-Apr~l ~ June-July
on the Kodiak Shelf (Kendall et al. 1980). In every case tches of
cod larvae were low relative to other larval fish taxa foi,nd at these
times. In most cases, walleye pollock was the dominant $Yn.did larvae
collected.

Spawning occurs in winter and eggs are demersal,  hence not accessi-
ble to plankton tows. We expect to find larvae in April.-May and July-
Augusc in the Yakutat area.

Walleye Pollock (The?agra chaleogrma)

General Biology. Walleye pollock range from central California
through the Bering Sea (Hart 1973). In Alaskan waters, somu of the
largest concentrations of pollock are in the northeastern shelf of the
Bering Sea (Serobaba 1968) and in the western Gulf of Alaska (Hughes and
Hirschhorn  1978). Walleye pollock are found from the surface to below
200 fm (366 m) although most catches are primarily between 50 and 300 m.
It is possible that pollock are bathypelagic  at depths greater than
200 m (Hart 1973).

Walleye pollock are late winter to spring spawners throughout their
range. In British Columbia, larval pollock (4-22 mm) occur during April
and May and in the western Gulf of Alaska, over 85% of adult pollock ex-
amined had spawned prior to their collection in May, implying that spawn-
ing occurred in March and April. Ripe males and females were obtained
as late as August but were less than 0.1% of the fish sampled (Hughes
and Hirschhorn  1978). Spawning in the Bering Sea begins in late Febru-
ary with fish in the southeastern Bering Sea spawning first. Most spawn-
ing occurs from late March to mid-June with the highest spawning rate in
May (Serobaba 1968).

Sexual maturity is reached at age 3 for both sexes, although a
small percentage of 2-year-old males were in a spawning condition near
Kodiak. Lengths of first-mature fish
cm for males and 30-35 cm for females
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Spawning occurs at temperatures of l-3°C in the Bering Sea (Seroba-
ba 1968) and there is some evidence that pollock may spawn under sea ice
(Kana.maru  et al. 1979).

High densities of po].lock occurred at 91-270 m during spring and
s u m m e r  in t h e  w e s t e r n  Gulf of Alaska (Hughes and %iirschhorri 1!378).
Spawning pollock in the Bering Sea occurred between 50 and 300 m and
were rarely found over the continental slope (i.e., >300 m) (Ser=obaba
1968).

Eggs are pelagic (Kanoh 1954) and range from 1.35-1.45 mm in Brit-
ish Columbia (Hart 1973) to 1.46-1.65 mm in the Bering Sea (Serobaba
1968). Illustrations of developing eggs are given by Gorbunova (1954).
During development, eggs remain pelagic and newly hatched larvae are
3.5-4.3 mm. Larvae have been described and illustrated by Gorbunova
(1954)0 Mos~ larvae are collected in upper layers (>50 m) ~ :namaru et
al. 1979) and larvae may undergo vertical migrations-which ::e associ-
ated with growth (Kobayashi  1963).

Copepods,  mysids, and euphausids are often the most important foods
of juvenile pollock (Rogers et al. 1979; Simenstad et al. 1977;
Nikol’skii  1954; Bailey and Dunn 1979; Smith et al. 1978) but as the
fish grows their reliance upon such prey becomes less, and prey such as
fish and shrimp become more impor~ant (Bailey and Dunn 1979; Smith et
al. 1978; Rogers et al. 1979).

History of the Fishery. Commercial exploitation of walleye pollock
by domestic fishermen has~een minor. In both the United ~tat.es and Can-
ada} this species has been utilized almost exclusively for animal food
(Forrester et al. 1978) and in general, North American ground fish fleets
have not expanded into the Gulf of Alaska beyond the Queen Charlotte
Islands (Reeves 1972). Through the 19601s and 1970’s, United States and
Canadian landings have only averaged around 100 m.t. (220,500 Ibs) each
(Forrester et al. 1978).

Foreign fleets utilize pollock to a much greater extent, but fish
more in the Bering Sea than in the Gulf of Alaska. The Japanese have
fished for pollock in the northeastern Gulf, and their catches have
ranged up to almost 18,000 m.t. (Table 14). The proportion of this to
their total catch off Alaska is small because of the size of the Bering
Sea fishery. In 1970, over 1 million m.t. of pollock was taken in the
Bering Sea. The Yakutat region (Cape Suckling to Cape Spencer) is rela-
tively unimportant to the Japanese fishery for pollock in the Gulf$ and
has ranged from O to only 12.3% of the total, except for 49% in 1968.

Distribution and Abundance

Adults . Walleye pollock are widely distributed in the Gulf of
Alaska. Alverson {1968) reported that pollock ranked as the fifth most
frequently caught fish, and as the fourth most abundant fish. In a
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Table 14. Annual J~~anese catches (m.t.) of walleye pollack
in the yakutat region and the Northeast Pacific,
1963-1970.

Northeas
Year 5Yakutatl Pacific

1963
1964
1965
1966
1967
1968
1969
1970

--

3
--

63
805

3,107
1,878

292
.

1
2Cape Suckling to Cape Spencer.
Shumagin to Columbia regions.

1,141
1,126
2,746
9,117
6,526
6,345

17,993
‘$,701

- ——

Source: Forrester et al. 1978.
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si ~ilar study Ronholt et al. (1978) reported that during April-October,
1973-1976, pollock ranked highest in relative apparent abundance of any
species captured. Hitz and Rathjen (1965) reported that pollock oc-
curred over a wide depth rangej but were most abundant in catches from
between 51 and 200 fathoms (Table 12). In the Ronholt et al. (1978)
study, catches in the Fairweather area were low during all cruises and
comprised only 0.2% of the total catch during the latter cruise (April-
October, 1973-1976).

Larvae and Eggs. Walleye pollock larvae and eggs are important
components of the icht~oplankton  during early spring (April-May) in
various parts of Alaska including areas in the southeastern Bering Sea,
Kodiak shelfj and Cook Inlet. Eggs occur $n the surface waters and are
distributed throughout the water column. Larvae are caught more fre-
quently and in higher abundances in subsurface waters than at the sur-
face, During April and May larvae range from hatch size (3.5 mm) to 13
mm, and by summer, larvae are 16-38 mm (Table 15). We expecc to find
pollock eggs distributed throughout the Yakutat study area during April
and May. In July, eggs may occur, but in lesser abundance than during
spring sampling. Larvae are likely to be found during spring and summer
and distributed over the shelf area. Pollock over 38 mm are not likely
to be caught by plankton nets, but may be caught in other gears. These
juvenile pollock may occur during October.

Pacific Ocean Perch (Sebastm alutus)

General Biology. Pacific ocean perch occur mainly offshore from
southern California to the Bering Sea. In the Gulf of Alaska, Pacific
ocean perch are at depths ranging from 50-450 m but usually are found
near 180 m (Major and Shippen 1970). A well defined oxygen deficient
layer may prevent movement into deeper water (Lyubimova 1965). Distri-
bution may also be affected by food availability, state of maturity, and
ecological factors (Major and Shippen 1970).

Rockfish mate before ovulation and sperm are stored in the ovary.
Fertilized eggs are retained by the female (ovoviviparous) and larvae
are extruded one to two months later (DeLacy et al. 1964). Descriptions
of in~raovarian larvae of some rockfish species$ including Pacific ocean
perch are given in Efremenko and Lisovenko (1972). Females contain be-
tween 2,000-69,000 eggs in the Gulf of Alaska (Lisovenko 1965) and
31,000-305,000 eggs off Oregon (Westrheim 1958). Lyubimova (1965) re-
ported 10,000-270,000 larvae may be released and larvae are extruded at
a size of 5-8 mm (Paraketsov  1963; Lisovenko 1964; Westrheim 1975). Sep-
aration of rockfish larvae by species is difficult from plankton samples
and larvae will only be identified as Sebasties  spp.

In the Gulf of Alaska, larvae were in upper layers over 200-250 m
depths (Lisovenko 1964). In the Bering Sea, release of larvae was docu-
mented at 390-400 m depths and larvae ascended to 150 m off the bottom
(Moiseev and Paraketsov  1961). Juvenile Pacific ocean perch remain
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‘I’able 15. Distribution and abundance of walleye pollock eggs and larvae in the Northeast Pacific
Ocean and Bering Sea.

— . ——. . —.——-—— —
Station Larval

Stage Location Time Gear depths, m lengths, mm Abundance Reference
——

Larvae Bering Sea Apr-May 1977 bungo 1 100-2000 3.1-11.8
neuatonz

Eggs Bering Sea Apr-May 1977 bongo L 100-2000
neustonz

Larvae Bering Sea May–Jun 1971 bongo

Larvae Bering Sea Jun-Jul  1962 CPN3

Eggs Bering Sea .Jun-Jul  1962 CPN

Larvae Bering Sea Jun-Sep 1958 CPN
War 1959

Eggs Bering Sea Jun-Sep 1958 CPN
Mar 1959

Larvae Kodiak Shelf Apr-May 19i’2 bongo

Eggs Kodiak Shelf Apr-May 1972 bongo

5.4-8.0

16, 27

135-36004 5-13
21-38(fry)

77-37014

3.5-5.2

Accounted for 84% of
larvae caught in bongo
tows; 34-108 larvae per
haul or 194-695 per 10m2.
Accounted for 6% of larvae
caught in neuaton net.

Accounted for 98% of eggs
caught in the bongo;
32-154 er haul or 172-910

!?per 10m . Comprised 97%
of all eggs in the neuston
haula; 15-162 er haul or

$.6-6.7 per 10M .

Accounted for 1. 5% of all
larvae.

Only 2 larvae taken.

Only 16 stage I and 11
eggs.

Maximum concentrate ion
occurred in Mar and was 613
larvae per mz.

lfass spawning in March,
maximum concentration was
598 eggs per m2.

Conw-iserl  62% of all
la. I.=; mean catch waa 192
pet hn2; range waa
0-12,118 larvae per 10m2.

Accounted for 97% of all
eggs; mean catch waa 1792
per 10m2; range was
0-104,645 eggs pcr 10m2 .

Waldron and
Vinter 1978

Dunn and
Naplin 1973

Kashkina 1970

!,

Nusienko 1963

1!

Dunn and
NapIin 1974



Table 15. Distribution ancl abum3ance or walleye  PO LIVKK  e~~s iILIU L~LV~C l,, LIIC JYLIJ.  L11t2cI~L l.a~.Lll~

Ocean and Bering Sea - continued.

———..———.. -——— — —
Station Larval

Stage Location Time Gear depths, m lengths, mm Abundance Reference
—

Larvae Kodiak Shelf NOv 1977
Mar-Apr 197%
Jun-Jul 1978
Ott-Nov 1978
Feb-Nar  1979

Eggs Kodiak Shelf Nov 1977
Nar-Apr  1978
Jun-Jul 1978
Ott-Nov 1978
Feb-Mar 1979

Larvae Kodiak Bays Nar-Aug  1978
NOV 1978
Mar 1979

bongo 40-1000 Second most abundant Kendall et
larvae during Mar-Apr. al. 1980

bongo 40-1000
neufiton

bongo 39-171
neuaton

Most abundant egg species t,

in each gear type during
Ma r-Apr.

In the bongo - eleventh Rogers et al.
most abundant larvae over 1979;
all cruises and stations; Garrison and
average catch per bay waa Rogers 1980
0-102 larvae per 1000m3.
Ranked 28th in neuston
catches over all crUiSea
and stations.

Egga Kodiak Bays Mar-Aug  1978 bongo
NOV 1978 neuston
Mar 1979

Second most abundant egg
from bongo haula over all
cruises and stations; mean
catch per bay ranged from
O-89 per 1000m3. Ranked
third over all cruises and
stations in neuaton  haula;
mean catch per bay ranged
from 0-503 per 1000m3.

Larvae Cook Inlet APr-May  1976 bon o
!

35-210 3.6-9.4 Most abundant larvae in Englfah 1977,

Jul-Aug  1976 NIO 6-13 Apr cruise; 32,0g3 1978

Ott 1976 larvae caught over 13
Feb 1976 stations.

lBongo net, 60 cm diameter, 505!.I mesh.
2Sameoto  neuston  sampler, .3m x .h, 50iJ mesh”
3Conical plankton net, No. 140 mesh.
4Depths  of stations where larvae occurred.
5Nonclosing  plankton net, lm, 571L! mesh.



pelagic for 1-3 years before descending to a near bottom habitat (Lyubi-
mova 1964; Carlson and Haight 1976). Juveniles make noctur’na.l  ve~tical
migrations to feed on planktonic  crustaceans and the majo~ food item of
adults are euphausiids (Somerton 1978).

History of the Fishery. United States fishermen began to commer-
cially exploit Pacific ocean perch in 1946 off the Oregon coast. Prior
to 1946, other rockfish species were commercially fislied in California
and eventually the fishery moved northward. The Oregon-Washington areas
became important fishing grounds and from 1961 to 1970, the bulk of the
catch was from the Charlotte to Columbia areas. The fishing effort !,y
United States fishermen for demersal species in the Northeast Gulf ui
Alaska has been low but there are plans to develop a groundfish fishery
at Yakutat and four other Alaskan communities (Terry et al. 198~j) .

The bulk of the fishing has been carried out by f .gn trawlers
(Japanese, Soviets, South Koreans, Poles) and competiri:~. between them
and domestic fishermen has been low in the Gulf of .&l~s’K~. By far, Che
Soviets and Japanese have carried on most of the ij,.),.!,,z  ~: rt. Th@
Soviet fishery for Pacific ocean perch began in the Bering Sea in 196(J
and briefly centered on the Gulf of Alaska before moving southward.
Catches of over 225,000 m.t. were reported for the Gulf in 1964 and 1965
(Forrester et al. 1978). The Japanese, though, have largely concentrat-
ed on the eastern Gulf area. From 1966 to 1968, Yakutat (INPFC area)
yielded the second highest catch of Pacific ocean perch (2.1% of all
areas in the northeast Pacific region) in the Japanese stern trawl fish-
ery. The Japanese catch of Pacific ocean perch at Yakut<.c  from 1965-
1974 is given in Table 16.

Distribution and Abundance

Adults. In the Gulf of Alaska, feeding schools of Pacific
ocean perch occur in the Unimak, Shumagin, Kodiak and Yakutat regions
during spring and summer (Lyubimova 1965). Both Pacific ocean perch and
flatfish constitute a major portion of the standing stock of demersal
fish in the Gulf. By 1972, catchable stocks of Pacific ocean perch were
reduced to about 39% of their original levels in North America (Quast
1972). Even so, Pacific ocean perch are quite abundant. Alverson (1968)
reported that Pacific ocean perch ranked second by abundance and sixth
by frequency of occurrence. Hitz and Rathjen (1965) reported that (by
CPUE) Pacific ocean perch were second in importance behind arrowtooth
flounder and they became more important with depth (Table 12). Pacific
ocean perch is abundant in the vicinity of Yakutat. Ronholt et al.
(1978) reported that from 1973-1976, 17,6% of the total estimated Pacif-
ic ocean perch biomass (Cape Spencer to Unimak Pass, excluding the
Shumagin region), occurred in the Yakutat and Fairweather  areas. Pacif-
ic ocean perch seems to occur in large concentrations around submarine
canyons (Reeves 1972) such as off Dry Bay (Hitz and Rathjen 1965). Com-
parisons of CPUE by decade (1962-1976) in both the Yakutat and Fair-
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Table 1 6 . Annual catch (m.t.) of Pacific ocean perch in the ‘
Yakutat region, the Fairweather area, and total
catch for the Northeast Pacific.

Year Yakutatl Fairweather2 Total

1965 33 -- 42,476:

1966 422 .- 68,702 3

1967 13,615 -- 73,2663

1968 30,890 -- 73,4293

1969 18,395 —- 66,330 3

1970 10,598 -- 51,785

1971 13,545 4,623 31,579;
1972 14,943 5,650 30,4884

1973 16,100 5,710 35,4884

1974 10,901 4,826 24,683

1
2Cape Suckling to Cape Spencer.
3Yakutat Bay to Cape Spencer.
Shumagin, Chirikof, Kodiak, Yakutat, and southeastern

to Co ception areas.
t
Cape Spencer to Unimak Pass.

Sources: Forrester et al. 1978; Ronholt et al. 1978,

. .

.1
. .,
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weather regions by Ronholt et al. (1978) seem to indicate a moderate
decrease in Pacific ocean perch abundance. The largest deer’~ases were
in the upper slope area.

Larvae. Plankton studies from Alaskan waters report the dj.s-
tribution and abundance of rockfish larvae as Sebastes spp. due to the
difficulty of separating species which may co-occur in plankton samples.
Sebastes spp. have been reported from the majority of spring, summer,
and fall cruises in Alaskan waters and significant concentrations of
larvae have been reported from the Yakutat region during April and May
(Lisovenko 1964).

Larvae may be distributed over the shelf, but more dense concen-
trations have been reported for areas over the slope (Lisovenko i964;
Kendall et al. 1980). They are also reported from bays in Kodiak Island
(Rogers et al. 1979). Rockfish larvae have been caught ~i surface and
subsurface tows and in greater abundance in tows durinu ..iiti night
(Kendall et al. 1980). Rockfish  up to lengths of 30 vr, .~eem to be sus-
ceptible to capture in plankton nets (Table 17).

In the Yakutat study area, we expect to catch rockfish larvae in
all seasons with relatively higher catches during spring. Larvae may be
distributed over the shelf area and possibly at higher densities near
the shelf edge.

Sablefish (AnopZopoma fimbria)

General Biology. Sablefish (or black cod) exist along the North
American coast in the offshore waters from Cedrus Islana, Baja Califor-
nia to Alaska and in the Bering Sea.

Sablefish spawn primarily from autumn through winter. From Van-
couver Island to Oregon, spawning occurred from September to the end of
February, and in the Bering Sea spawning peaked in fall and ended in
early spring. However, some spawning continued into summer.

On the Pacific coast of North America, 50% of sablefish caught were
sexually mature at ages 5-7 years and 60-70 cm in length. In the Bering
Sea, 50% were sexually mature at 5-6 years and 60-62 cm in length
(Kodolov 1968). Fecundity is high and increases with age for Bering Sea
sablefish: 725 cm length - 438,000 eggs; 740 cm length - 468,000 eggs;
and 825 cm length - 503,000 eggs (Kodolov 1968).

It is thought that sablefish spawn at considerable depth and probab-
ly beyond the continental slope. Eggs are pelagic, smooth, have a nar-
row perivitelline space, and range from 2.056-2.097 mm in diameter
(Thompson 1941). Larvae have been illustrated by Kobayashi (1957) and
post-larvae (21-35 mm) are described by Brock (1940).
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Table 17. Distribution and abundance of Sebastes spp. larvae in the Northeast Pacific Ocean and
Bering Sea.

_——
Station Larval

Location Time Gear depths, m length, mm Abundance Reference

— . _——_——— —-———

Bering Sea

Bering Sea

Bering Sea

Bering Sea

Kodiak Shelf

Kodiak Shelf

Kodiak Bays

Cook Inlet

Apr-May 1977

May-Jun 1971

Jun-Jul 1962

Jun-Sep 1958
Nar 1959

Apr-14ay 1972

Ott-Nov 1977
Mar-Apr  1978
Jun-Jul 1978
OCt-NOV 1978
Feb-t4ar 1979

Mar-Aug 1978
NOV 1978
Mar 1979

Apr-May 1976
Jul 1976
Aug 1976
Ott 1976

bongo 1
neuston 2

bongo

CPN3

CPN

bongo

bongo
neuston

bongo
neuaton

bon o
MOt

100-1000

58-3600

40-1000

31-171

35-210

.

5.0-8.3

3.6-8.0

8.2-14.6

5.3-19.4

3.0-18.0

Fourth in abundance in bongo
haula, comprising 3.7% of larvae
caught. Accounted for .7% of
all larvae from neuaton tows.

Accounted for 51% of larvae
caught.

Total of 13 larvae caught.

Caught in surface tows during
July and August.

Represented leas than .1% of
all larvae caught.

Occurred in bongo during summer
and fall, second most abundant
larvae during summer. Present
in summer, fall, and winter in
neuston  catchea.

Occurred June-August in
relatively low abundances.
Ranked 13th in bongo catches
and 20th in neuston  catchea
overall stations and cruises.

Larvae caught during all
cruises. Total numbers caught
per cruise ranged from 3-57.

Waldron and
Vinter 1978

Dunn and
Naplin 1973

Kaahkina  1970

Musienko 1963

Dunn and
Naplin 1974

Kendall et
al. 1980

Rogers et al.
1979; GarrisOn
and Rogers 1980.

English 1977,
1978
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Table 17. Distribution and abundance of Sebastes spp. larvae in the Northeast Pacific Ocean and
Bering Sea – continued.

—.

Station Larval

Location Time Gear depths, m length, mm Abundance Reference

Gulf of AIaska Sep-Ott 1975

Gulf of Alaska Apr-Jul 1963

Gulf of Alaska Summer 1957
Summer-Fall
1958

Northeast May-Sep 1956
Pacific Mar-Sep 1957

MS r-Aug 1958
Mar-Jul 1959

N o r t h e a a t OC  t-Nov  1971
Pacific

bongo 4-16 Moat abundant larvae caught, 93 English 1976
NIO specimens.

CPN 90-3000 Highest concentrations:2
Yakutat - 100-200 pe~ m ;
Kodiak - 40-50 per m ;2
Shumagin - 20-30 per m ;
Unimak  - 10-15 per m2.

IKMT5 Reports catches of postlarvae
and juveniles. Data not
quantifiable.

NpN6 Moat frequently occurring
larvae during 1956-1959,

bongo 10.6-30.6 Represented 2.3% of all larvae
caught.

Lisovenko
1964

Aron 1959

LeBrassuer
1970

Naplin et al.
1973

lBongo net, 60 cm diameter, 505u mesh.
2Sameoto neuston sampler, .3m x .5m, 505P mesh.
3Conical plankton net, No. 140 mesh.
4N0nclosing  plankton net, lm, 571U ~sh.

51saacs-Kidd midwater trawl, 3’ and 6’.
6N~rpac net.



.arvae and young in early stages lead a pelagic life and remain in
upper layers at surface temperatures of 9-16°C. Brock (1940) observed
larvae 21-35 mm long in surface waters 100-180 miles from the Oregon
coast during May. In summer large numbers of young sablefish remain
over the continental slope and shelf although juveniles measuring 7.6-
26 cm are also in surface waters along the shores of the United States,
Canada, and well heated bays in Alaska (Kodolov 1968) and schools of
juveniles occasionally come inshore into harbors (Cox 1948, cited in
Hart 1973). When fry are about 12 cm and 5-7 months old they approach
~he shelf or upper slope and massive descent of fry takes place in the
fall at sizes of 30 cm. In winter, young are on the shelf or adjoining
parts of the slope (Kodolov 1968).

Sablefish are chiefly piscivorous (Shubnikov, 1963; Grinols and
Gill, 1968; Rogers et al. 1979) but also consume ophiuroids, shrimp and
other invertebrates (Shubnikov, 1963). Shrimp ranked a high second in
the diet of sablefish caught in the nearshore zone of Kodiak Island
(Rogers et al. 1979).

The History of the Fishery. The fishery for sablefish dates back
to before 1900 off Washington and British Columbia and it later expanded
to California, Oregon, and Alaska. During both World Wars, black cod
was in demand. However, recently it has not been important to the domes-
tic fishery. United States landings in the Northeast Pacific from 1956
to 1970 averaged over 1,000 m.t., and ranged from 739 to 2,485 m.t. The
bulk was caught by longline gear (Table 18). Most of the Canadian long-
line fishery is off the southern British Columbia coast and southeastern
Alaska. Since 1957, yearly catches by the Canadians in the the North-
east Pacific have not exceeded 1,000 m.t.

Although the Soviets have no specific fishery for sablefish,  the
Japanese have been fishing for this species since 1958. Their original
efforts were in the Bering Sea and by 1963, they were fishing in the
Gulf of Alaska (Table 19); first with sunken gillnets, then trawlers,
then longline gear. By 1968, the bulk of sablefish were taken by long-
line gear and in 1970, the total catch by the Japanese in the Gulf of
Alaska was nearly 30,000 m.t. Yakutat and southeastern Alaska have
become major fishing grounds for sablefish to the Japanese and in 1968
these areas contributed 79% to their total sablefish longline catch
(Reeves 1972).

Distribution and Abundance

Adults. Sablefish are an important species of groundfish in
the Gulf of Alaska. In a trawl survey of demersal species, Alverson
(1968) reported that they ranked as the eight most abundant and fre-
quently caught fish in the Northeast Pacific Ocean. They are relatively
important at all depths, but are caught mainly in water deeper than 200
fm (Table 12). Sablefish were taken mainly from the deepest 50 fm in-
terval trawled (1-250 fro), and off Yakutat the CPUE was highest in the
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Table 18. Annual total catch (m. t.) of sablefish by the United
States, Canada, and Japan in the Northeast Pacific.

United
Year States Canada Japan

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

2,485
924
852

1,254
1,505

919
1,910
1,085

940
988

1,084
749
739

1,104
1,444

354
1,019

383
362
705
306
428
396 1,819
637 1,047
649 2,217
970 3,952
591 7,526
577 17,570
391 24,673
327 29,811

Source: Forrester et al. 1978.
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Table 19. Annual catch (m. t.) of sablefish  in the Yakutat region by vear and the total catch
for the Northeast Pacific. Catch data for 1971-1974 for stern trawl only.

Yakutatl Total*
Long - Stern Long - Stern

Year line trawl Other Total line trawl Other Total

1963 229 229 261 1,558 1,819
1964 1,046 1 1,047
1965 4 4 2,140 77 2,217
1966 32 32 3,841 111 3,952
1967 213 1,418 1,631 569 6,893 64 7,526
1968 3,112 2,454 5,566 12,029 5,541 17,570
1969 5,121 1,666 6,787 19,639 5,034 24,673
1970 6,935 1,318 8,253 25,670 4,141 29,811

1971 —— 1,290 -- -- -- 3,182 -- --
1972 -- 2,666 .- -- —— 6,521 -— --
1973 -- 1,687 .— -- -- 5,393 -— -—
1974 -. 1,280 —- -— -- 3,100 —— --

1
Approximately Cape Suckling to Cape Spencer.

‘Total catch for 1963-1970 includes Shumagin, Chirikof, Kodiak, Yakutat, and southeastern
to Conception areas. Total catch for 1971-1974 includes Cape Spencer to Unimak Pass.

Source: Forrester et al. 1978; Ronholt et al. 1978.



canyon off Dry Bay (Hitz and Rathjen 1965). Furthermore, Terry et al.
( 1980) reported that commercial quantities of black cod adults are most
abundant from 200 to 500 fm. According to Ronholt et al. (1978), there
appears to have been a general decline in the density of sablefish in
the eastern Gulf of Alaska from 1962 to 1976. The importance of the
catch from the Fairweather area (Cape Spencer to Yakutat Bay) in rela-
tion to other areas (Fairweather through Kenai) varied by date. Fair-
weather area ranked second and first in the catch of sablefish, contain-
ing 28% and 69% of the total catch respectively. However, during April-
October, 1973-1976, this area contained less than 2% of the total catch.

Larvae_and Eggs. Sablefish larvae (11.5-43 mm) have been re-
ported from plankton sampling during spring and summer in the Bering Sea
(Waldren and Vinter 1978; Kashkina 1970; Kobayashi, cited in Kashkina
1970), and during the summer off the Kodiak Shelf (Kendall e~ al. 1980).
In the Bering Sea, larvae were over depths of 105-115 m a:,d in Kodiak
they occurred at stations near the shelf break. Larvae i,ave been caught
in both surface (neuston)  and subsurface (bongo) plankto:, tows, but
usually in relatively low abundance.

It is unclear if sablefish in the eastern Gulf of Alaska spawn in
fall or winter or throughout both seasons. However, since young remain
pelagic through fall of the following year they may be in plankton
samples during spring and summer. Since larvae are relatively well
developed by summer, they may be able to avoid plankton gear except at
night. Lampara sets at the surface may yield larger larvae and juve-
niles in late summer. Larvae are expected to occur over the shelf area
and possibly be more abundant at deeper stations.

Arrowtooth Flounder (Atherestes stomias)— —  — .

General Biology. Arrowtooth flounder range from central California
to th~eastern  Bering Sea. They are generally caught at depths from 400
to 499 fm (730-900 m) and young have been caught at depths greater than
700 m (Hart 1973).

Little information is available on the early life history of arrow-
tooth flounder. Spawning is thought to occur in December-March, with
peak activity in January and February, at depths greater than 150 m, and
at temperatures of 2-3°C (Pertseva-Ostroumova 1960).

In the Asian arrowtooth flounder, A. evermanni, females reach sexu-
al maturity at 9 or 10 years and males at 6 or 7 (Pertseva-Ostroumova
1961). Eggs are large, 2.5-3.5 mm and bathypelagic-developing  in deep
water. Larvae are distinct from other flatfish in that they have spines
on the preoperculum and above the eyes. Descriptions and illustrations
of larvae are given in Pertseva–Ostroumova (1961).
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.m-rowtooth flounder feed largely on crustaceans and fish. Smith et
al. (1978) reported that the most frequently consumed food was euphau-
siids and that they increased in importance as the fish grew to 350 mm
long. For larger arrowtooth flounder, fish became the most important
food . Rogers et al. (1979) indicate that arrowtooth  flounder feed
primarily upon fish and secondarily upon shrimp. This specialized
feeding is further echoed in the literature; Hart (1973) listed shrimp
and herring, and Hunter (1979) stated that fish (mostly pollock) com-
prised comprised 98.6% to the weight of the diet of arrowtooth flounder
sampled near Kodiak Island.

History of the Fishery. Arrowtooth  flounder or turbot is one
species of flatfish important to domestic commercial trawl fisheries.
However, United States and Canadian efforts have largely been south of
the Queen Charlotte region.

Japanese efforts for flatfish in the Gulf are small compared to
their effort in the Bering Sea, but catches in the Gulf of Alaska from
1963 to 1970 averaged around 4,000 m.t. In 1969 and 1970, about 40% of
this was arrowtooth flounder (Table 20). Japanese catches of arrowtooth
flounder from 1969 to 1974 in the Gulf of Alaska averaged 2,371 m.t.

Distribution and Abundance—

Adults. The arrowtooth flounder is a very common species in-.—
the northeastern Gulf of Alaska. According to Alverson  (1968), it was

the most frequently encountered and most abundant demersal species in
the northeastern pacific. In fact, in one study, it occurred in 90% of
all trawl tows in the Gulf (Alverson et al. 1964). These large abun-
dances and high frequency of occurrence are perhaps related to its wide
geographic and/or bathymetric distribution. Hitz and Rathjen (1965)
reported that it was the most important species (by CPUE in lbs) for all
depths (1-250 fm) and that for each 50 fm interval it ranked in the top
five (Table 12). Furthermore, Taylor (1967) stated that catches of
arrowtooth flounders (using a midwater trawl) were highest near the sur-
face at night. Within the northeastern Gulf area, arrowtooth flounder
are very abundant (CPUE) off Yakutat Bay (Ronholt et al. 1978) and off
Dry Bay (Hitz and Rathjen 1965) with the latter yielding up to 4,500 lbs
per hour trawled. Comparisons between 1962 surveys and 1973-1976 sur-
veys indicate an area-wide change. Ronholt et al. (1978) state that the
CPUE for almost all species declined from one period to the next and
that the CPUE ratio between “decades” showed a moderate decrease for
arrowtooth flounder in the Fairweather region (Yakutat Bay to Cape
Spencer) and a moderate increase for arrowtooths in the Yakutat region
(Cape Suckling to Yakutat Bay). Both areas contributed a combined 27.5%
to the total (Cape Spencer to Unimak Pass, except the Shumagin region)j
during April-October, 1973-1976.
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Table 20. Annual Japanese trawl catches (rn.t.) of arrowtooth
flounder in the Fairweather and Yakutat regions, and
in the Gulf of Alaska, 1969-1974.

Gulf of
Year Fairweatherl Yakutat 2 Alaska3

1969 359 474 1,467:
1970 504 301 1,588
1971 88 125 1,293
1972 166 202 1,612
1973 216 1,406 5,110
1974 50 356 3,157

ii 230.5 477.3 2,371.1

1
2Yakutat Bay to Cape Spencer.
3Yakutat Bay to Cape Suckling.
~Cape Spencer to Unimak Pass.
‘This compares with a total Japanese catch (of all flatfish

other than halibut) of 3,480 and 4,091 m.t. for 1969 and 1970,
respectively.

Sources: Ronholt et al. 1978; Forrester et al. 1978.
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Larvae and Eggs. Catches of arrowtooth flounder larvae and
eggs are reported from the eastern Bering Sea, Kodiak Shelf and Gulf of
Alaska in winter and spring. Larval catches were relatively low partly
because of the time and location of plankton surveys. Generally, larvae
are most often taken in waters beyond the shelf (>200 m) and over depths
as deep as 3,000 m. Plankton-caught larvae range in length from 5-38 mm
(Table 21).

In the proposed study area, eggs and larvae are expected to occur
primarily at stations near the edge of the shelf during April-May, how-
ever they may drift landward into shallower stations. Larvae may trans-
form at fairly large sizes (Musienko  1963) hence remaining susceptible
to plankton nets through summer. By October, arrowtooth flounder juve-
niles will have assumed a demersal lifestyle and be out of reach of our
gear.

Starry Flounder (Platie?zthys  Stezzatus)

General Biology. Starry flounder occur off the coast of North
America from southern California to the Bering Sea at depths of a few
inches to approximately 150 fm (Hart 1973). Adults seem to prefer soft
sand but may be found on gravels clean shifting sand, hard stable sand,
and mud substrates; however, they avoid rocky bottoms (Orcutt 1950).
Starry flounder are euryhaline and may be found at river mouths and in
some cases many miles upstream. They spawn at sea at depths of 11-75 m
(Musienko 1970).

Spawning of starry flounder occurs in winter through early spring
and takes place in shallow water. Age of maturity for males is two
years when they are about 300 mm, whereas as females mature at three
years (350 mm). Spawning occurs once per season and in a relatively
short period of time. A 565 mm female was reported to release about 11
million eggs (Orcutt 1950).

Starry flounder eggs are pelagic, lack oil globules, and are .89-
.94 mm long in California waters (Orcutt 1950) and .97-1.01 mm in
Japanese waters (Yusa 1957). At present, early-middle stage eggs of
starry flounder cannot be distinguished from early stages of several
other pelagic flatfish eggs from plankton samples.

At 120C development of eggs takes about 68 hours. At colder tem-
peratures (2.O-5.4oC)  eggs hatch in about two weeks. Egg and larval
development has been documented by Orcutt (1950) and Yusa (1957). Newly
hatched larvae are 1.93-2.08 mm, slender, transparent, and pelagic.
Estuarine conditions may be important to juvenile starry flounder as
large number of O-1 year age classes have been caught upstream in the
Columbia River (Haertel and Osterberg 1967).

The diet of starry flounder consists mainly of benthic organisms.
Rogers et al. (1979) reported that they ate anthozoans  and gammarid
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Table 21. Distribution and abundance of arrowtooth  flounder eggs and larvae in the Northeast Pacific
Ocean and Bering Sea.

———. . . . . . . . . . . .-. .. ——— — -———-———— —-
Station Larval

Stape Location Time Gear depths, m length, mm Abundance Reference

—— _ — . — — — — _ ——.——

Larvae

Larvae

Larvae

Larvae

Larvae

Larvae

Eggs

Bering Sea Apr-14ay  1977

Bering Sea May-Jun 1971

Bering Sea Jun-Sep 1958
Mar 1959

Kodiak Shelf Apr-May 1972

NE Pacific Apr-May 1957
Mar-Jul 1958

Kodiak Shelf Ott-Nov 1977
Mar-Apr 1978
Jun-Jul 1978
Ott-Nov 1978
Feb-Mar 1979

,1 ,, II ,,

bongo 1 100-2000
(caught at
stations
>200 m)

bongo 1281-3109 2

CPN3 540-3100

bongo

NPN45
IKMT

bongo 40-1000
( c a u g h t  a t
s t a t i o n s
>200  m)

8-10

6-13

13 (June)
27-38
(July)

6.1-7.0

7-8

5-1o

,, ,*

Comprised 1% of all larvae
caught, but second most
abundant flatfiah.

Accounted for 9.0% of all
larvae, 87% of all
flatfish caught.

Rare

Comprised .2% of all
larvae.

Rare, catchea ranged from
1-5 per hsul.

Feb-Mar 1979: Overall---
mean catch 8.2 per 10m2,
only flatfiah larvae
present.

Mar-Apr 1978: Overall
mean catch 7.5 per 10m2,
second abundant flatfish
larvae caught.

F.b-l=fsr 1979: Fourth
z -dant egg taxa out of 6
spfi.ties occurring.

Waldron and
Vinter 1978

Dunn and
Naplin 1973

Muaienko 1963

Dunn and
Naplin 1974

LeBrasseur
1970

Kendall et
al. 1980

.,

,*

——
lBongo net, 60 cm opening, 5051J mesh.
2Depths  of stationa where larvae were caught.
3conical  @a&ton net, No. 140 Mesh-

4Norpac net .
51saacs-Kidd midwater  trawl, 3’ and 6’.



amphipods while Hunter (1979) reported that they ate clams. According
to Cross et al. (1978) polycheates and gammarids predominated in the
diet. Skalkin (1963) listed clams, polycheates  and sand lance as impor-
tant foods and Miller (1967) discovered that priapulids and nemertian
worms predominated by volume.

History of the Fishery. Starry flounder is not a species exploited
by either domestic or foreign fisheries, although flatfish in general
are. United States exploitation of flatfish has cen~ered on species
found in relatively deep water from the Queen Charlotte area south
(landings averaged 22,000 m.t. from 1961-1970, Forrester et al. 1978).

Japanese and Soviet fleets have fished largely in the Bering Sea
for yellowfin  sole. The Japanese have done some fishing for flatfish in
the Gulf of Alaska and up to 87% of the catches (of flatfish other than
halibut and arrowtooth flounder) in their trawl fishery are from the
Yakutat and Fairweather regions (Table 22). This fishery is outside the
zone of maximum abundance of starry flounder~ so probably very few of
the fish taken by this fishery are starry flounder.

Distribution and Abundance

Adults. In relation to other demersal species, starry floun-
der are not very abundant in the northeastern Gulf of Alaska. Ca Lches
of starry flounder in the study by Hitz and Rathjen (1965) were similar
to those of butter sole. Overall, starry flounder ranked as the six-
teenth most important species by CPUE (weight), but was common (ranking
fourth) in areas that were less than 50 fm deep (Table 12). Within
10 fm increments, starry flounder were mainly caught (CPUE) between 11
and 20 fm and 21 and 30 fm (Alverson 1960).

Larvae and Eggs. Late stage starry flounder eggs have been
reported from plankton samples during spring (March 28-April 20) and sum-
mer (June 19-JuIY 9) off Kodiak Island (Kendall et al. 1980) and stage I
eggs have been collected off Kamchatka on the western Bering Sea in July
(Musienko 1963). In both instances, only small numbers of eggs were
caught.

Larvae in the Kodiak bay and shelf region were only caught in sum-
mer and in low abundance (Rogers et al. 1979; Kendall et al. 1980).
Only one 17 mm larvae was reported in July 1976 from Cook Inlet (English
1977).

Starry flounder larvae were relatively more abundant off Oregon
where they occurred March-June, ranged from 3-9 mm, and were the fourth
most abundant flatfish and eight most abundant larvae in a coastal
assemblage of larval fish (Richardson and Pearcy 1977). In Skagit Bay,
Washington, larval starry flounder were the predominant flatfish species
during March-June (Blackburn  1973).
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Table 22. Annual Japanese trawl catches (m.t.) of flatfish other than
halibut and arrowtooth flounder in the Fairweather and
Yakutat regions, and the Gulf of Alaska, 196?-1974.

Gulf of;
Year Fairweatherl Yakutat 2 Alaska

1969 124 160 361
1970 162 31 222
1971 69 127 502
1972 562 903 2,099
1973 1,687 1,662 6,230
1974 249 852 3,524

z 475.5 622.5 2,156.3

—
1
~Cape Spencer to Yakutat Bay.
~Yakutat Bay to Cape Suckling.
Cape Spencer to Unimak Pass.

Source: Ronholt et al. 1978.
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Only late stage starry flounder eggs can be identified and are
expected to occur in the Yakutat area during spring and summer. They
may initially be distributed nearshore (<50 fro), but will probably be
dispersed over the Shelf. ‘ Larvae can be expected during summer and
distributed over the entire area.

Pacific Halibut (Hippoq20ssus stazolepis)—

General Biology. Pacific halibut occur as far south as Santa Rosa
Island, California (34°N) and as far north as Norton Sound (63°31’N).
Halibut are generally associated with water temperatures of 3-8°C and
greatest catches occur over banks where bottom temperatures are within
this range (Thompson and Van Cleve 1936). The bathymetric range for
halibut is between 15 and 600 fm.

Pacific halibut spawning occurs mostly in the winter in the North-
east Pacific and may begin in fall in the Bering Sea. Halibut spawn at
bottom temperatures of 3-8°C and laboratory reared eggs hatch in 12-
20 days at 5-8°C (Forrester 1973). Age of first-maturity for female
halibut is reported to be 8-16 years with an average age of 12 years.
Average age for males is 7-8 years (Bell and St. Pierre 1970). Spawning
occurs once a year and number of eggs released is related to length and
weight of female halibut. Large females (140-180 cm) may produce 2-3
million eggs (Kolloen 1934). Eggs range in size from 2.9-3.8 mm, have a
large colorless yolk without oil globules, and a small perivitelline
space. Descriptions and illustrations of eggs and larvae are given by
Thompson and Van Cleve (1936).

Spawning takes place in relatively deep water (275-412 m) along the
edge of the Continental Shelf and eggs have been found between 40 and
1,488 m with concentrations at 100-200 m (Thompson and Van Cleve 1936;
Pertseva-Ostroumova 1961). Eggs and larvae are transported horizontally
at depth by subsurface currents and in the Gulf of Alaska are carried
offshore in a counterclockwise direction around the gulf. Larvae hatch
at 6-7 mm in length (Forrester 1973) and are located deeper than egg
concentrations (i.e. > 200 m). As larvae develop, they rise in the
water column and at 3=5 months of age are at 100 m or less and are
carried onshore by surface currents. At 6-7 months (about May and June)
larvae have metamorphosed and are on the bottom in shallow coastal bays.
Juvenile halibut may remain inshore 1-3 years before moving offshore
(Thompson and Van Cleve 1936). Movement of juveniles occurs in direc-
tions opposite to drift of eggs and larvae and has been hypothesized as
the factor for replenishing halibut populations (Skud 1977).

The diet of halibut consists mainly of fish, crab, and shrimp
(Rogers et al. 1979). Hunter (1979) and Novikov (1963) divided halibut
into size groupings and in each study, halibut less tha 300 mm long had
eaten shrimp (Hunter listed fish and crab also). Those longer than
300 mm switched to fish, although according to Hunter, crab was of
secondary importance.
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History of the Fishery. The commercial halibut fishery began in
1888 off the coast of Washington and during the early years the bulk of
the fishing was in the Southeast Alaska through Columbia areas, but by
1916 the fishery had expanded as far as the Shurnagin Islands. The
International Fisheries Commission (which in 1953 became the Interna-
tional Pacific Halibut Commission) was formed in 1924 to manage the
overfished resource. 13y 1954 production rose to 43,000 m.t., taken from
the entire Halibut Convention Area (Forrester et al. 1978). Both Canada
and the United States have historically been active in the fishery. By

the late 19701s the total catch was about one-half of the 1954 catch and
regulatory area 3A contributed the majority of the total (Table 23).
The catch-per-unit-effort (CPUE) for selected statistical areas and
regions (1931-1979) is presented in Table 24.

Distribution and Abundance

Adults. The Yakutat region extends from the eas: side of
Prince William Sound to Cape Edward (south of Cross Sound). Within the
Yakutat region are statistical areas 20 and 19. Area 20 extends from
Sitkagi Bluffs (just north of Yakutat Bay) to an area aruund the Danger-
ous River, and area 19 goes from the latter point to a point between
Lituya Bay and Icy Point (Fig. 12). Historically the CPUE for the
Yakutat region was usually higher than the CPUE for the entire Northeast
Pacific (total) and the sector just north of Yakutat (IPHC statistical
area 20) has had higher CPUE than the sector to the south (IPHC statis-
tical area 19), but in recent years neither sector has consistently been
higher or lower.

Larvae and Eggs. Knowledge of spawning locations in the
Northeast Pacific is limited, although major sites are known from Cape
St. James, Langara Island, and Frederick Island in British Columbia, and
Yakutak, “W” grounds, and Portlock Bank in the Gulf of Alaska. Other
spawning sites have been reported near Goose Islands, Hecate Strait, and
Rose Spit in British Columbia, and Cape Ommaney, Cape Spencer, Cape St.
Elias, Chirikof, and Trinity Grounds in Alaska. Spawning concentrations
also occur in the Bering Sea (Skud 1977).

Distribution and relative abundance of halibut eggs and larvae were
examined in the Gulf of Alaska by Thompson and Van Cleve (1936). Eggs
and early stage larvae were commonly taken at depths greater than
100 fm, but may drift onto shelf waters during larval development.
Other plankton surveys in Alaska report halibut larvae in spring in the
Bering Sea (18-23 mm; Waldren and Vinter 1978), Cook Inlet (13 mm;
English 1977) and Kodiak Shelf (14.4, 17.8 mm; English 1977). I n  m o s t
c a s e s  l a r v a e  w e r e  c a u g h t  a t  s t a t i o n s  > 2 0 0  m  a n d  i n  l o w  a b u n d a n c e .

The Yakutat area supports a large spawning population of Pacific
halibut; however, since spawning occurs in winter, and at depths >200 ❑

eggs will probably not be taken during the proposed sampling months.
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Table 23. Catch of Pacific halibut (lb) and effort (in standard skates,
where one skate is 1,800 ft long with 100 hooks) for IPHC
regulatory area 3A, 1975-1979.

Total Catch

United States Canada in North

Year Effort Catch Effort Catch America

1975 1,412 8,841 489 3,772 12,613

1976 1,567 9,052 616 4,130 13,182

1977 1,276 7,842 405 2,717 10,559

1978 1,493 11,276 386 3,100 14,376

1979 1,410 10,031 153 1,638 11,669

Sources: Myhre et al. 1977; International Pacific Halibut

Commission annual reports and unpublished data,
1976-1979.
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Table 24. Catch per unit effort of halibut from IPHC statistical areas
19 and 20, the Yakutat region, and over all area.

All
Yearl Area 19 Area 20 Yakutat areas

1931-1935 69.7 72.7 75.0 62.7
1936-1940 84.0 82.9 88.8 79.7
1941-1945 88.5 102.6 109.1 97.0
1946-1950 76.9 92.1 91.3 98.3
1951-1955 96.0 109.3 108.9 116.2
1956-1960 106.8 105.9 117.3 124.9
1961-1965 100.5 111.8 111.7 110.1
1966-1970 91.5 94.0 95.4 98.7
1971 77.9 96.1 88.3 89.5
1972 85.0 73.0 79.4 80.9
1973 81.2 72.3 73.7 64.9
1974 59.1 56.4 71.0 62.2
1975 68.8 83.4 73.2 63.3
1976 14.5 16.5 58.4 54.0
1977 53.9 48.3 53.8 60.2
1978 82.2 77.9 79.5 67.3
1979 92.1 109.8 105.8 70.8

1 1931-1970 are 5-year averages of annual means.

Sources: Myhre et al. 1977; International Pacific Halibut
Commission annual reports and unpublished data, 1976-19790
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i)urini spring and summer larvae may “stray” up over the Shelf and be
caught within the study area.

Butter Sole (Isopsetta isolepis)

General Biology.
southeastern Alask—in
(274-366 m) in western

Butter sole spawn
tonic, spherical, have

Butter sole occur from southern California to
shallow water but are occasionally at 150-200 fm
Alaska (Hart 1973).

in late winter to early spring. Eggs are plank-
a narrow perivitelline space, lack oil globules

and range in length from .93-1.1 mm (7 = 1.0 mm; Levings 1968). Hence
at early-middle stage of development, eggs of butter sole are indistin-
guishable from several other flatfish species (Richardson et al. in
press). Spawning in Skidegate Inlet, British Columbia occurred at
depths of 15-35 fm (Manzer 1949; Levings 1968) and at conditions of 4°C
and 25°/oo (Levings 1968).

Larvae are abundant off Washington and Oregon in winter and spring
(Richardson et al. in press) and were found in Kodiak bays and shelf
during June-August (Rogers et al. 1979; Kendall et al. 1980). Transfor-
mation from larval to juvenile characters takes place when larvae are
18-23 mm. Recently transformed benthic juveniles seem to be offshore
rather than in bays and other nearshore habitats (Richardson et al. in
press). Average length at age two is 143 mm for males and 190 for
females. By age 10, females are 394 mm and males average 352 mm (Hart
1943). Eggs and larvae are described and illustrated by Richardson et
al. (in press).

The food of butter sole includes marine worms, young herring,
shrimp and sand dollars (Hart 1973).

History of the Fishery. Although flatfish have been one of the
most important groups of fishes exploited by the United States and
Canada, butter sole are not commercially important, whereas arrowtooth
flounder, Dover, petrale, English, Rex, and rock sole are. Furthermore,
Japanese and Russian efforts have concentrated largely on yellowfin sole
in the Bering Sea, There are a lack of catch statistics specifically
for butter sole. American catches of flatfish since 1958 have been dom-
inated by the Dover sole (Forrester et al, 1978) and fishing has largely
occurred at depths where this species occurs. Hitz and Rathjen (1965)
reported that from 1-250 fm, Dover sole was most abundant between 201-
250 fm. Furthermore, United States and Canadian efforts have been from
the Charlotte area south. For flatfish other than halibut and arrow-
tooth flounder, the Yakutat area (Cape Suckling to Yakutat Bay) and the
Fairweather area (Yakutat Bay to Cape Spencer) ranked first and second,
respectively in annual Japanese trawl catches from Cape Spencer to Uni-
mak Pass (Ronholt et al. 1978).
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Distribution and Abundance

Adults. Butter sole are not one of the more abundant fishes
of the Gulf of Alaska. Hitz and Rathjen (1965) reported that butter
sole ranked thirteenth by CPUE (weight) for all depths (1-250 fm) but
second for the 1-50 fm interval (Table 12).

Larvae and eggs. Catches of butter sole eggs and larvae have
only been reported in a few plankton studies from Alaskan waters. In
Kodiak, larvae were in bays in June-August, ranging in length from 3.0-
11.0 mm in June to 8.5-21.0 mm in August. They ranked fifteenth in
abundance over all times and stations (Garrison and Rogers 1980). In
the offshore shelf region butter sole larvae occurred only during the
summer cruise (June 19–July 9) and ranked eleventh in abundance (Kendall
et al. 1980). In Cook Inlet, larvae were present in early and late May
cruises with higher catches in the latter time period. Larvae were
small, ranging from 2. 1-6.7 mm. No larvae were caught in July or August
(English 1977).

Off Oregon and Washington, however, larval butter sole are a domi-
nant member of the ichthyoplankton and ranked fifth in overall abundance
in April and May (Waldron  1972) and third in abundance in a coastal
assemblage of larval fish off Oregon (Richardson 1977; Richardson and
Pearcy 1977)0

Butter sole spawning is expected to occur shoreward of 50 fm and
possibly within Yakutat Bay during late winter-early spring. Eggs and
larvae may be concentrated at nearshore and bay locations during spring
sampling (April-May), but probably distributed over the shelf during
summer. By October, butter sole larvae will have transformed to juve–
niles and assumed a benthic habitat, hence they are no longer suscepti-
ble to plankton nets.

Dungeness Crab (Cancer maqister)

General Biology. The Dungeness crab is an important commercial
species and occurs from Baja California to Amchitka Island, Alaska. The.
northeastern Gulf of Alaska supports substantial commercial harvests.

Dungeness crabs inhabit bays, estuaries, and open (coastal) ocean
from the intertidal zone to depths greater than 50 fm. They are usually
most abundant on sand or mud-sand bottoms (Hoopes 1973). The distribu-
tion of these crabs by depth seems to vary with life history stage and
season. Butler (1956) found that post-larval stages were abundant on
shallow (<5 fm) sand bottoms; McKay (1942) observed juveniles (2-3 3/4”)
buried in intertidal sands in late winter and in spring, and concluded
that adults migrate offshore during winter and return to the nearshore
in the spring.

677



The sex ratio appears co be unequal, with the sexes separated geo-
graphically (McMynn 1948, cited in Mayer 1972). Sexual maturity is
reached il. 2 years for females and 3 years for males (Hoopes 1973).
According to various authors, this corresponds to a carapace width of
> llOmm for males and about 100 mm for females (Butler 1960). Butler
(1961) reported that both sexes matured at the eleventh or twelfth post-
Iarval instaro Males are polygamous and mating occurs when adults move
into shallow water during the spring molt period. Transfer of sperm can
only occur after the female has molted and before her new shell has
hardened. Females then carry viable sperm in their oviducts throughout
the summer. In the fall, eggs pass through the oviduct, are fertilized,
and then carried under the female’s abdomen (Hoopes 1973). Egg bearing
occurs during October to June in British Columbia (McKay 1942) and
larvae emerge between December and April off Oregon (Reed 1969, cited in
Mayer 1972). The number of eggs deposited by a female is related to
size; as many as 1.5 million eggs have been found on a single female
@oopes 1973).

Eggs hatch into free swimming larvae during the spring, after they
have been carried by the female for 7-10 months (Hoopes 1973). The dis-
tribution of planktonic larvae is assumed to be associated with the
nearshore location of the female in late spring (Mayer 1972). Larvae
first hatch as 1.16 mm long zoea with a rostrum and three spines on the
front of the head and then progress C’nrough five stages by a series of
molts taking 3-4 months (Hoopes 1973). The zoea then transforms into a
13 mm long megalops that resembles the juvenile crab, and there is only
one megalops stage (Poole 1!366, cifat in Mayer 1972). When the megalops
stage is complete~ it settles out as a post-larva or juvenile. This
occurs after a larval period of 128-158 days (as indicated by post-
Iarval instars; Poole 1966, cited in Mayer 1972). At Kodiak, larvae
spend up to 3 months in the plankton (Alaska Environmental Information
and Data Center (AEIDC) 1975), with a peak of larval release in spring
or early summer (Kendall et al. 1980). In general, larvae in inshore
areas (Kodiak) are within the upper strata of the water column during the
day (70% found between 10-30 m) and dispersed into deeper strata at night
(50% plus were between 50-90 m) ~ while Ehose larvae in offshore areas are
usually deeper at night (Kendall et al. 1980).

During the first year, a juvenile crab may molt as many as six
times, thus growth is rapid. After the first year, the carapace width
is approximately 25 mm and after the second year it is approximately
102 mm (Hoopes 1973). All of this growth occurs during a 1 to 2 day
molting period. Both sexes grow at about the same rate until sexual
maturity is reached, after which males grow faster (Hoopes 1973). The
increase in size decreases with each molt. Increases are about 40% in
the early post-larval stages and 10-15% when the crabs are about 13,0-
13.5 cm (McKay and Weymouth 1935). Males may reach as much as 20 cm in
carapace widthj while females may exceed 15 cm in width. The commercial
size at Kodiak is 6 3/4” or roughly 17.1 cm (AEIDC 1975).
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Dungeness crabs are carnivores, frequently eating crustaceans
(shrimp, crab, barnacles, amphipods,  and isopods), clams and polycheates
(Mc’Qy 1942; Hoopes 1973). Larval stages of this crab are preyed upon
by a variety of fish species. Juveniles are canabalized by adults, while
juveniles and adults are consumed by many larger fish (Mayer 1972).

History of the Fishery. The fishery for Dungeness crab is one of
the older ones in Alaska with commercial harvest at Kodiak, Cook Inlet,
Southeast Alaska, Yakutat (Fig. 13), and the Copper-Bering rivers and
prince William Sound. Most fishing is done by crab pot or trap baited
with razor c.lamsj squid> or herring in about 3 to 30 fm of water. Dif–
ferent areas allow a different number of pots per boat. In Yakutat, a

boat may carry a relatively high number - up to 600 (Mayer 1972). Al-
though the Yakutat crab fishery has been stable since 1960 (except for
low harvests of 1975-1977), the fishery is declining in most areas of
Alaska (Terry et al. 1980). ~~e catch is possibly influence~ by the

supply of other species of crab and the fishery for Dungeness crab in
the Pacific liorthwest  (Ronholt et al. 1978). Also , the fishery primar-
ily depends on one year class> so fluctuations occur from year to year
(A’EIDC 1975). Even so, production in the Yakutat management area aver-
aged over 1.3 million pound for the past 10 years, which is an important
contribution to the total harvest in Alaska (Table 25). From 1969 to
1975, 89% of the United States catch (from Cape Spencer to Unimak Pass)
came from 24 subareas (Ronholt et al. 1978). Included were Yakutat Bay
(2.87: of the total), Yakutat Bay to Ih-y Bay (7.5%), and Dry Bay to Cape
Fairweather (2.2%). See also Table 25 for the catch from 1971-1975 for
the entire Fairweather region.

Distribution and Abundance

Adults. The Dungeness crab is widely distributed in the Gulf
of Alaska. Hitz and Rathjen (1965) reported that this species largely
inhabits depths between 1 and 100 fm. The Yakutat area has large concen-
trations of Dungeness crab. Maturgo (1972, cited in Anonymous 1976) pre-
sented figures which indicated Yakutat (Cape St. Elias to Cape Spencer)
had the highest catch-per–unit-effort (174 lbs/hr of trawling) in the
Gulf of Alaska. Furthermore, surveys in the early 1960’s (reported in
Ronholt et al. 1978) show that the Yakutat (Cape Suckling to Yakutat
Bay) and the Fairweather (Yakutat Bay to Cape Spencer) regions contain
about 20% of the total biomass of Dungeness crab in the Gulf of Alaska
(Cape Spencer to the Kenai Peninsula).

Larvae. Since the eggs are carried by the adult crab, they— .
will not be in the plankton. Larvae will probably be largely in near-
shore areas in the spring, and their dj.stribution associated with the
location of the females at that time. As the season progresses larvae
should become more dispersed by the currents and be in offshore areas as
well. Since the larval period is about four months, Dungeness crab lar-
vae should be caught by our plankton gear in both the April-May and
July-August cruises. We expect zoea to predominate in the former
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Table 25. Annual catch (lb x 1000) of Dungeness crab in the
Yakutat and Fairweather regions, and the total
Alaskan catch.

Year Yakutatl FairWeather* Alaska

1971 1,669 443 3,749
1972 1,993 1,014 5,448
1973 2,347 1,136 6,423
1974 1,632 240 3,818
1975 541 216 3,034
1976 529 -. .-
1977 124 -- .-
1978 1,900 -- --
1979 1,496 -- —-
1980 859 -— --

.
1
~Cape Suckling to Cape Fairweather.
Yakutat Bay to Cape Fairweather.

Sources: Terry et al. 1978; A. Brogan, personal commu-
nication; Ronholt et al. 1978; Alaska Department of Fish and
Game 1975.
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sampling period and the megalops stage to be more abundant in the latter
period than in the former. We also expect that the larvae will be cap-
tured largely in the upper 50 m during the day and slightly deeper
during the night.

Tanner Crab (C’h.ionoeetes bairdi)

General Biology. The name tanner crab is often used to describe
the species of Ckzonocetes. Clzionocetes bairdi is the principle species
of the Continental Shelf off Yakutat, but some references to C. opilio
are made where life history information on C. bairdi is lacking.

Chionecetes bairdi is the commerically  exploited species in the
Gulf of Alaska (commercial harvest began in the late 1960’s). It occurs
from Puget Sound, Washington to the Bering Sea and from shoal water to a
depth of 259 fm (Brown 1971).

The sex ratio is approximately one to one (Hilsinger 1976), but
appears to be similar to Wenners (1972) “anomalous” pattern where the
ratio changes from differential mortality and growth of one and then the
other sex. The age at which tanner crabs mature is not well known
because of the difficulty in aging them; however, size of the female at
maturity may vary between 71 mm-116 mm. The size and age at maturity is
perhaps a function of growth per molt, frequency of molting, and timing
of gonad maturation. Maturity of C.o@~io is reached by the ninth post-
megalops molt, at or about age 6 or 7 (Eldridge  1972). It is unknown
whether the female can mate after her shell has hardened (Dungeness
females cannot). Mating occurs in late winter or early spring in shal-
low waters (Science Applications, Inc. 1980; Hilsinger 1976) and the
fertilized eggs are carried by the female for about 11-12 months, after
which, they hatch and larvae are released, usually in two batches
(Eldridge 1972a). There is much variation in the number of eggs that
are carried. Hilsinger (1976) gives a range of 24,000 to 318,000 eggs
per female, and AEIDC (1975) reports a range of 5,000 to 140,000 eggs
per female with an average of 30,000 to 80,000. The variation in egg
number may be accounted for by varying sizes of the females and by a
decrease in clutch size in old crabs (Terry et al. 1980).

Larvae drift with the surface waters and go through four develop-
mental stages; a prezoea stages two zoea stages, and a megalops stage.
In Kodiak, larvae occur in the spring and summer (Science Applications,
~nc.. 1980). Bright (1967, cited in Eldridge 1972) concluded that in
cook Inlet$ larvae develop quickly, about two weeks from the prezoea
~~ the first juvenile stage. Early and late larval stages occur in-
shore at Kodiak during most of the year, perhaps because of a protracted
period of larval release (Kendall et al. 1980). About 98% of these tan-
ner crab larvae in nearshore waters are between 10-50 m during the day,
and about 74% are between 50-90 m at night.
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~egalops settle out in the summer and immediately cove]- themselves
in debris where they begin to feed on detritus (Eldridge  19;’2). }[~s t

growth work has been done with C. opilio and such studies irkdicate  that
tanner crab females continue to grow only until sexual matu]”icy is
reached and that males continue to grow after they mature, ~eaching com-
mercial size in two additional molts and maximum size in twa further
molts (Anonymous 1971, cited in Eldridge 1972). The growth rate
derreases with increasing size. The average age of tanner :rabs is
probably about 12 to 16 years, with a maximu life span of 1 ‘ years
(Eldridge  1972). Maximum size of females is about 13 cm i~. carapace
width and maximum size of males is about 20 cm (AEIDC 1975)

Chionccetes feeds largely upon ophiuroids, decapods, afiiphipods, and
bivalves (Eldridge 1972), but Paul et al. (1979) reported ~hat stomach
contents typically reflect the benthic species common to arp given sta–
tion and that crabs of different size, sex, and state of ma[.urity  con-
sumed similar prey. Tanner crabs are in turn fed upon by m.ny large
fish.

History of the Fishery. The tanner crab fishery began in 1968,
suppl~rn~i~g~he king crab fishery and remained relatively small until
technological problems with meat extraction were solved. The total
catch rose to almost 64 million lb in 1974. The fishery at Yakutat
occurs largely from January through April and catches increased there in
1974 (Table 26; note the discrepancy in the literature for catch data in
the Yakutat management area compared to the Fairweather region). The
Yakutat management area (Cape Suckling to Cape Fairweather) contributed
over 2.5 million lb in 1980 (A. Brogan, personal communica!.ion).

Distribution and Abundance——

Adults. Tanner crabs are quite common in the northeastern
Gulf of Alaska. Hitz and Rathjen (1965) reported that tanner crab were
the sixth most abundant species (CPUE) in their trawl sampl:!s  and that
they were most abundant between 51 and 150 fm (Table 12). Logbook data
from fishermen in the Bering Sea and Aleutians (Adak Island) to south-
eastern Alaska show the highest catch per pot was in depths of 100-120
fm (Brown 1971). CPUE data (NMFS exploratory drags, 1950-1[168) indi-
cates that tanner crab abundance for the region from Cape St. Elias to
Cape Spencer is second only to the Cook Inlet region at 200 lbs/hr of
trawling (Maturgo 1972, cited in Anonymous 1976). Tanner crabs are
distributed throughout the Yakutat area (Fig. 14), and a hi~h abundance
in the Fairweather area (Yakutat Bay to Cape Fairweather) cnntained an
estimated 12% of the total tanner crab biomass in the Gulf of Alaska
during June-August, 1962 (Ronholt et al. 1978).

Larvae. Eggs are carried by the female and therefore, will
not be captured by plankton gear. Larvae drift with the surface waters
during their development, and we may find them throughout the study area
in all three sampling periods; larger abundance may occur dllring the
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Table 26. Catches (lb x 1000) of tanner crab in the Yakutat and
Fairweather regions, and the total catches in Alaska.

Year Yakutatl Fairweather2 Alaska

1971 12,880
1972 15 29 30,135
197,3 207 293 61,719
1974 1,872 620 63,906
1975 2,021 1,160 46,857
1976 1,714 .- --

1977 1,016 -- --

1978 990 -- --

1979 974 -- --

1980 2,528 -- --

,
~Cape Suckling to Cape Fairweather.
Yakutat Bay to Cape Fairweather.

Sources: Terry et al. 1980; A. Brogan, personal communi-
cation; Alaska Department of Fish and Game 1975; Ronholt et al.
1978.
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spring and summer. During the day larvae should be captured mainly in
the upper 50 m of the water column and during the night, 50-100 m below
the surface.

Northern Pink Shrimp (Pandalus borealis)

Pink shrimp were not targeted for this study; however, since they
are a potentially important species to the economy of Yakutat, we have
included this section.

The shrimp fishery in Alaska has largely been centered around
Kodiak. However, during this past season, the fishing effort there was
coo intense, which resulted in overloading the handling facilities at
Kodiak. Shrimp fishing was then initiated in Yakutat Bay. The ADF&G
set a quota there of 1.5 million lb and after this was surpassed by
200,000 lb, the bay was closed to the fishery for the year. After the
closure of the fishery, experimental trawling in Yakutat Bay indicated a
density of about 136,000 lb/sq mile (A. Brogan, personal communica-
tion).

Weathervane  Scallop (PatinOpectin eaurinus). — —  . —

General Biology. The weathervane scallop occurs from California to
Alaska, with commercially harvestable beds around Kodiak Island and in
the Yakutat region (Hennick 1970a).

Scallops inhabit mud, clay, sand, or gravel bottoms, and usually
live in a slight depression in the sediment surface. They are most
abundant between 20 and 70 fm (AEIDC 1975), with the majority around
50 fm.

Sexes are separate in scallops and the sex composition of mature
individuals is approximately one to one (Hennick 1970a). Hennick
reported that most scallops are mature when three concentric rings are
present on their upper valve. Haynes and Powell (1968) reported that
most scallops less than 76 mm are immature. Fertilization is external.
Depending on the sex, the eggs or sperm are expelled on different sides
of the hinge. Spawning takes place once a year, in June or early July
(Hennick  1970a), and is possibly induced by changes in water tempera-
ture. Fertilized eggs settle to the bottom and attach for a maturing
period of a few days before hatching (AEIDC 1975).

Larvae are from 80 to 200 v long and drift with the tides and
currents for 2 to 3 weeks (AEIDC 1975). They then metamorphose and
settle, attaching with the help of byssus threads.

Attached juveniles range in size (valve height) from 6 to 75 mm; by
their third year, when many are sexually mature, they may be 7.6 to
12.7 cm in height. Their maximum size is around 23 cm. Scallops caught
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commercially range from 7 to 11 years old, but some: live more than
15 years (AEIDC 1975). Scallops feed by filtering plankton from the
water.

History of Fishery. The catches for the Yakutat ~nagement  area
and all of Alaska are presented in Table 27 for 1968-1977. “The Yakutat
area was important during the first two years of the fishery and then
again during 1974-1977 when catches were low. A decline in the resource
and adverse tirket conditions rendered the fishery inactive in 1978 and
1979 (Terry et al. 1980). This past year (largely May-August, 1980),
however, the fishery was again active and A. Brogan (personal communi-
cation) estimates the harvest to be at about 250,000 lb.

Distribution and Abundance

Adults., In 1968, the Viking Queen experimentally fished for
scallops from Cape Fairweather to Kodiak Island, Only the Kodiak and
Yakutat regions supported commercially harvestable populations (Hennick
1970b). Scallops were more abundant in the Yakutat region but grew
slower and were smaller at maturity than the scallops at Kodiak (Hennick
1970a). Figure 15 shows the distribution ofsea scallops within the
Yakutat area. Alverson (1968) reported that scallop catches were high-
est at Cape Fairweather, off Icy Bay and east of Cape St. Elias.

Larvae and eggs. Sea scallop eggs are demersal. Veliger lar-
vae are small (80-200 p) and present in the plankton during the summer.
They should be distributed throughout the study area and if any of the
larger larvae are captured it will be during the July-August sampling
period.

Razor Clam (Si_Liqua patuza)..—

General Biology. The Pacific razor clam (Si2iqua patula) is an
important recreational and commercial species on the West Coast. Popula--
tions extend from northern California to the Aleutian Islands, occurring
in almost 50 different sites in Alaska.

Razor clams are on sandy surf-pounded beaches and occur in fair
numbers to a depth of 30 ft (Cumbow 1978). Densities within a
particular habitat are a function of topography, substrate type, and
tidal regimes. In general, the majority of clams inhabit areas between
-0.91 m and +0.91 m of the mean lower low water mark (Kaiser and
Koenigsberg 1977). At Yakutat, the estimated upper habitable tide level,
relative to mean lower low water, is +1.14 m (Nickerson 1975).

Sexes are separate in razor clams and the spawn ripens in the foot
(Cumbow 1978). The number of males and females seems to be equivalent
and individuals of both sexes reach maturity at approximately 2.5 years.
The influence of growth is greater than the process of maturation in
determining the age at which a clam can spawn (Weymouth et al. 1925).
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Table 27. Annual catch (lb x 1000) of scallops in the Yakutat
area, and the total Alaskan catch, 1968-1977.

Year Yakutat Alaska

1968 903 1,734

1969 836 1,888

1970 23 1,440

1971 85 931

1972 128 1,167

1973 174 1,109

1974 357 504

1975 139 436

1976 190 265

1977 22 22

ii 285.7 949.6

Source: Terry et al. 1980.
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Clams on one section of beach spawn simultaneously (McMillin 1924). The
eggs and sperm are discharged through the excurrent siphon. A single
female may produce 6-10 million eggs annually (Nosho 1972; Cumbow 1978).
Fertilization occurs randomly and fertilized eggs may hatch within a few

hours to within a few days (Nosho 1972). The eggs are small; ripe ova
measure slightly greater than 90 microns (Nickerson 1975). The onset of
spawning occurs when seawater temperatures reach around 13°C (Nosho
1972; Weymouth et al. 1925; Fraser 1930), but varies somewhat with area
(Bourne and Quayle 1970), and may continue throughout the summer and
fall (’Cumbow 1978). Nickerson (1975) reported that razor clams in the
Cordova area would spawn if sustained water temperatures of 5.5 to 8.8°C
occurred for a period of 30 days followed by an abrupt increase in tem-
perature. Therefore, some spawning may take place from early June to
September, but the majority of the activity is in July and August (Wey-
mouth et al. 1925; Nosho 1972; Nickerson 1975).

By 10 days the larva reaches the early swimming stage and by 3
weeks it has the shape of a clam (McMillin 1924). At this time, the en-
tire animal is transparent and a velure extends from within the valves.
Two weeks later, very few larvae are in the plankton; each larva has
almost doubled in size and a foot has appeared (McMillin  1924).
“Settling” seems to occur 8-10 weeks after spawning (Kaiser and
Koenigsberg 1977). Larvae are distributed by ocean currents and, accord-
ing to McMillin (1924), most of the last two weeks of the swimming stage
is spent in the sand. The length of larval existence of razor clams is
longer than for many other molluscs (Weymouth et al. 1925), and the
clams settle out at about 325 U.

Some clams may reach 12.5 mm by their first fall and 89 mm by their
second fall (Cumbow 1978), growth is dependent upon location and tempera-
ture. In general, Alaskan razor clams grow slower than their coun-
terparts in Washington~ but live longer. The life expectancy of razor
clams in Washington is about 8 to 11 years, while that of clams in Alaska
is about 11 to 19 years (Cumbow 1978; Weymouth and McMillin 1931). Juve-
nile mortalities may reduce the number of clams that have set to about a
third by late fall (Weymouth et al. 1925). Heavy surf causes much of
this reduction, and adult mortality is estiamted at about 10% per year
(McMillin 1924).

The diet of razor clams consists mainly of diatoms, which are very
abundant during the summer months.

History of the Fishery. Commercial razor clamming began in Alaska
in 1916 when a small cannery at Cordova went into operation. Historical-
ly, Cordova remained a major growing area, along with Cook Inlet and
Swikshak. Since 1916, the industry has had it ups and downs. These
downs have been caused by poor growing conditions, adverse market condi-
tions, governmental regulations and restrictions (size and poundage
limitations, and season closures, etc.), competition from foreign and
east coast clam packers, and sanitation problems (Nickerson 1965).
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Perhaps the largest blow to the industry came in 1964 when the Alaska
earthquake destroyed much of the razor clam habitat. The razor clam
harvest in Central Alaska has averaged over 169,000 lb annually from
1960-1969 (Nosho 1972). This is a decline from the 19401s and 1950’s
and Nosho (1972) feels this may be a result of overfishing, lack of
marketing resources, increased productions costs, and/or increased
education on the problem of paralytic shellfish poisoning in Alaska.

Cordova is by far the major area for commercial production with
harvests during the 1960’s averaging over 141,000 lb. Production has
fallen since 1969 and from 1970 to 1973, an average of only 31,750 lb
was harvested (Nickerson 1975).

Distribution and Abundance

Adults. Yakutat does not have a commercial razor clam fishery
because clam beds in the area are inaccessible. Clam beds are probably
within a second” shelf of breakers that are about one-quarter to one-
half mile offshore at a zero tide along the open coast (A. Brogan,
personal communication) (Fig. 16). Other sources (Kaiser and Koenigsberg
1977; Nickerson 1975) claim that a small bed of clams occurs in a slough
near the town of Yakutat and clams there are in subsistence quantities.
According to A. Brogan (personal communication), however, they are not
razor clams.

Larvae and eggs. Razor clam eggs are very small (-90P) and
quickly hatch into larvae. Therefore, we probably will not find any in
our samples. If they are captured, however, the most likely time would
be during the July-August sampling period. Larvae are also quite small
but our plankton gear should capture some. This could occur during
either the summer or fall, but most likely in the summer. Eggs and
early larval stages will be mainly close to the shore but can occur
throughout the study area because they are dispersed by the ocean
currents during a development period of up to 10 weeks.
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SUMMARY

1)

2)

3 )

4)

5 )

6 )

7 )

8 )

9)

The ichthyoplankton and meroplankton components of the zooplankton
communities off Yakutat are virtually unstudied. Inferences on sea-
sonality, reproductive biology, etc. of key species must be drawn
from studies in other areas.

pacific sand lance, sablefish, halibut, Pacific cod, and arrowtooth
flounder spawn in the winter whereas herring, capelin, walleye
pollock, Pacific ocean perch, butter sole, starry flounder, razor
clams, weathervane scallops, tanner crab, and Dungeness crab repro-
duce in the spring or summer. Juvenile salmon and adult forage
fish will probably be most abundant in the spring and summer. We
expect to sample the greatest diversity and densities of organisms
during these warmer seasons of the year.

Herring and capelin spawn in bays or on beaches and initially,
their larvae will be inshore.

Halibut, arrowtooth flounder, and sablefish spawn in deep water off-
shore. We do not expect to see their larvae inshore. The other
species of fish spawn at a variety of depths, hence their larvae
will be widely dispersed.

Salmon spawn in nearly every stream in the Yakutat area, but the
most important spawning areas are the southeast shore of Yakutat
Bay (pink salmon) and coastal rivers to the southeast of the bay.

There has been a herring fishery in Yakutat Bay only twice in
recent years. About 2,000 to 3,000 tons spawn yearly in Yakutat
Bay and a larger population spawns in Russell Fjord. Herring serve
as important forage fish to other species such as chinook salmon.

Pacific sand lance, capelin, and eulachon are probably all abundant
off Yakutat, but actual densities are unknown. There is no commer-
cial fishery on any of these species, but they are important
sources of food to larger fish, mammals, and birds.

The Yakutat area is not a major producer of salmon relative to the
rest of Alaska; however, adults on their spawning migrations and
juveniles from stocks far outside the Yakutat area mix in waters
off Yakutat. Juvenile salmon are most abundant offshore over the
Continental Shelf during July and August, although catches of pink
and chum salmon are still high in September and October.

Generally, there is no domestic (United States or Canadian) commer-
cial fishery by groundfish fleets in the Gulf of Alaska beyond the
Queen Charlotte Islands; however, there are plans to develop a
groundfish fishery in Yakutat and four other Alaskan communities.
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Currently, groundfish stocks off Yakutat are primarily fished by
the Japanese.

10) Pacific cod and walleye pollock are abundant and widely distributed
in the Gulf of Alaska. Catches by the Japanese in the Gulf of
Alaska are, however, relatively insignificant compared to catches
in the Bering Sea.

11) Pacific ocean perch and sablefish are both abundant off Yakutat and
this area is one of the most important areas to the Japanese fish-
eries on these two species.

12) The arrowtooth flounder is widely distributed and abundant in the
Gulf of Alaska and it is an important species in the domestic fish-
eries to the south of the Queen Charlotte Islands. The Japanese
primarily fish for flatfish in the Bering Sea, so their efforts off
Yakutat are negligible.

/,
13) The northern Gulf of Alaska (IPHCrs area 3A),whi’ch includes Yakutat,

is the most significant domestic halibut fishing area,

14) Starry flounder and butter sole are relatively uncommon in the Gulf
of Alaska and they are not commercially important species. How-
ever, flathead,  English, Dover, and rex sole are abundant in the
Gulf of Alaska and the last three species are commercially
exploited by domestic fleets.

15) There are high concentrations of both Dungeness and tanner crabs
off Yakutat and catches in the area are important relative to the
overall catches in Alaska.

16) In 1980, there was a shrimp fishery in Yakutat Bay and there are
estimated densities of 136,000 lb/sq mile remaining in the bay.

17) The weathervane scallop fishery off Yakutat was active in 1968,
1969, and 1972-1976 followed by a crash caused by low densities of
scallops and poor market conditions. The fishery was active again
in 1980. g

18) The razor clam beds near Yakutat are inaccessible and therefore
there is no commercial or sport fishery on them in the Yakutat
area.
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